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PREFACE  TO  THE  FIBST  EDITION. 


The  sole  object  of  the  Mowing  compaation  is  to  present 
to  the  Student  the  principal  facts  of  Chemistry  in  so  oon^ 
densed  a  form  as  to  obviate  the  necessity  in  a  very  great 
measure  of  his  writing  notes  on  the  subject.    It  is  simply 
intended  to  serve  him  as  an  «  aide  memoire  "  in  Inoiganio 
Chemistry,  and  not  at  all  to  supersede  the  ordinary  text^ 
bookson  the  science.  A  list  ofstandard  works  on  the  various 
departments  of  chemi  al  science  is  given  at  the  ond  of  the 
volume;  and  to  some  of  these  the  student  must  of  course 
apply  himself  for  any  detailed  information  upon  methods  of 
procedure,  theoretical  discussions,  and  notices  of  the  innu- 
merable less  important  chemical  compounds.    The  older 
nomenclature  is  observed  throughout,  as  being  that  generally 
met  with,  and  least  likely  to  present  difficulties  to  the 
student. 

ToEONTO,  Augustj  1862* 
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CHEMISTRY. 


LECTURE  I. 


DEFINITIONS  AND  NOMENCLATDRB. 


^  1.  Chemistry  is  the  science  which  investigates  the  nature, 
properties,  and  mutual  relations  of  the  various  elements  that 
enter  into  the  composition  of  the  different  bodies  with  which  we 
are  acquainted ;  or  Chemistry- may  be  defined  to  be  the  science 
which  teaches  us  the  mode  of  resolving  a  compound  body  into 
its  elementary  constituents,  and  of  combining  two  or  more 
elementary  bodies  into  a  compound. 

1,2.  Chemistry  is  divided  into  two  branches  : 

1st.  Inorganic  Chemistry. 

2nd.  Organic  Chemistry.  * 

^  3.  Inorganic  Chemistry  is  tJbat  department  of  Chemistry  which 
treats  of  the  simple  elements  that  enter  into  the  composition 
of  all  known  bodies,  and  of  the  chemical  compounds  formed  by 
their  union. 

\  4.  Organic  Chemistry  treats  of  the  peculiar  compounds  into 
which  the  living  plant  or  animal  converts  the  ultimate  elements 
of  its  food-  and  of  the  aabatanRP.q  tfiof.  AnfA<.  in^ri  \\\&  at-r 
of  organized  beings. 
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NOMBNOUTDBB, 


S.  Ohemlcl  NomencIMur.  w„,  before  the  dl.ooT.ry  of  oir- 

NOMBNOLATUBH. 

7.  All  natural  bodies  are  divided  into  twft  classes  i 


1st.  Elementary  or  Simple  Bodies.  J^^  ''''"'     '^ 
2nd.  Compound  Bodies. 


Ii^.^<?^/t^,.:^^ 


^  8.  An  e/emen/  or  elementary  body  is  a  body  which  in  th. 
present  state  of  the  science,  is  incapable  of  bLrresolved  b. 
chem.al  analysis  or  other  means,  into  two  or  m'ore  Su^ 

or  mot^lr:::!*'^  '  a  body  resulting^^om  the  union  of  two 

10.  The -fifewen/,  at  present  recognized  numbPr'ftK  «p»,i.-  i. 
13  .r,  died  MMloiO..  .nd  the  rem  J„g  5"^!,^  """"* 
Jom-The  nuMter  I,  „„,wl«.t  ^certain,  ™„.  chemW,"  «taltttog 

U.  The  13  Metalloids,  with  their  symbol.,  are  ..  follow. : 


-a 


«: 


Element. 


/^      Oxygen. 

Hydrogen. 

Nitrogen.. 
/_^  ^H^arbon. 
f-Snlphur. 

Chlorine. 


o 

I 


O 
H 

N 
C 

s 

CI 

p 


ll 

O  d 


8 

1 
14 

6 
16 
85.6 
82 


Silicon 

Iodine 

Boron 

BrOmlne 

Fluorine 

Seleniam 


^  12.  The  62  Metals,  with  their  symbols  and  combini 
vers,  are  as  loiiows  : 


met   nnm- 


J££v 


yj       ..  .{^ 


j^. 


NOMENCLATURE. 


overy  of  oxy- 
vlng  the  most 

D  the  Springs  of 
a  its  discoverer, 

Qnstructed  by 
St  century, 


hiob,  in  the 

resolved,  by 

>re  dissimilar 

union  of  two 

65,  of  which 
alt. 

i8t8  admitting 
follows : 


• 

1 

1% 

,?? 

ai 

CQ 

^a 

o" 

Si 

21.8 

I 

127 

B 

11 

Br 

80 

P 

19 

Se 

40  - 

•^\ 


M 


Dinor    nntn. 
— o    — — ~ 


Element. 


^((minum. 


Aatlmonj  (Stibium)... 

Arsenic 

Aridium 

Barium 

Bismuth 

Cadmium   

Cafcium 

Cerium 

Chromium 

Cobalt 

Copper  (Cuprum) 

Didyminm , 

Donarium 

Erbium 

Glucinum 

GoId(Aurum) 

Iridium 

Iron  (Ferrum) 

Ilmenium 

Lanthanum 

Lead  (Plumbum) 

Lithium 

Magnesium 

\  Manganese 

Mercury  ( Hydrargyrum ) 


o 

s 


Al 
Sb 
As 

Ar 

Ba 

Bi 

Cd 

Ca 

Ce 

Cr 

Co 

Cu 

D 

Do 

E 

GI 

Au 

Ir 

Fe 

II 

Ln 

Pb 

Li 

Mg 

Ma 

Hg 


13.7, 

129 

75 


Element, 


71 
56 
20 
46 
28 
30 
32 
60 
80 

26.5 
.5 
99 
28 
60 
48 
104 
6.4 
12.6 
27.6 
100 


Molybdenum 

Nickel 

Niobium 

Norium 

Osmium 

Palladium 

Polopium 

t  Platinum 

Potassium  (Kalium). . 

Rhodium 

Ruthenium 

Silver  (Argentum) . . . 
Sodium  (Natrium).. . . 

Strontium 

Tantalum  orColumbium 

Tellurium 

Terbium 

Thorium ■..,.. 

Tin(Stannum) 

Titanium 

Tungsten  (Wolfram) 

Uranium 

Vanadium 

Yttrium.... 

Zinc 


o 

a 

03 


Mo 
Ni 


48 
29.6 


No 
Os 
Pd 


Pt 
K 
B 

Ru 

Ag 

Na 

Sr 

Ta 

Te 

Tb 

Th 

Sn 

Ti 

W 

U 

V 

Y 

Zn 


99.6 
63 


Zirconium gj. 


9Wl 

39 

62 

62 

108 

23 

44 

92 

66 

•  ■  ■  • 

69.6 

69 

24 

96 

60 

68.5 

32 

82.6 

32.6 


13.  Those  elements  long  known  retain  their  com?  m  names 
Examples.— Gold,  Silver,  Tin,  Iron,  Lead,  &c. 

M.  Those  elements  more  recently  discovered  take  a  name 
indicative  of  some  prominent  property. 

BxAifPLBs.— Chlorine  from  chloroi,  "green,"  in  allusion  to  its 
color. 

Iodine  from  ion,  a  "violet,"  and  «trfo«,  "resem- 
blance," from  its  violet- colored  fumes. 

Broiniao    from   orowios,   "iloetor,"    referring  to  its  * ' 
intensely  disagreeable  odor. 
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Ohrrm^m  from  chroma,  a  "color,"  In  allu.ion  to 
the  brilliant  colors  of  its  compounds.  - 

Glucinum  from  ,lukun,  "a^eet,"  it,  compounds 
being  disting.Mshed  by  a  sweetish  taste. 

T;r:rcer'''*^^''''^ 

V  W.  Compound  Bodies  may  be  divided  «to- 

1st.  Acidg.y  ^rj*'  ^^^-^ 

2nd.  Bases.  ^  ^^^^>*»^«a<<  ^. 

JW^.  Salts  are  bodies  arising  from  the  union  of  acids  with 

y  19.  Salts  are  divided  into  three  classes  • 

1st.   Neutral  Salts,  or  those  in  which  neither  the  acid  nor 

the  base  predominates. 
Had    Acid  Salt,  or  Super  Saits,  or  those  in  which  the 

acid  IS  in  excess. 

3rd,  Basic  Salts  or  Sub-Salte,  or  those  io  which  the  base 

/,./£>   _        is  in  excess.  ^ 

^m  Acids  prefix  per,  hyp,r,  and  Aypo,  and  affix  Ac  and  -ow* 
V21.  Of  the  first  element  named  in  the  comnound     «..««♦  • 
case  of  .he  compound,  of  ox.geo,  when  .^n^Zr^Z^Z 
0,-per  or  hyper  means  more  than  -ic  and   u-  mLVr 
While  Hypo  implies  less  than  -ic  or  -o  J.  ■resptXeT;  "°*"' 

fono',"!  *'  """'°"''"  "'•"^«^°  "^  «•'"'"''•  «"  named  a, 

Perbhiorto  acid  or  Hyperchlorio  acid  =  C10„  i  e   a  oom 
pound  of  .even  equivalents  of  0  to  one  of  a 

0  ^'l^of  a  "  ""''•  '•  ••  '  ~"^'""''  '"^'"  «""™'»«»  »' 


c<^* 


aOMmCLATVSLE, 


)lue  the  color 


re  named  as 


Of  oToti^rcr'" = "'•  '•  '• '  """■'"'°''  <"-  «.»"»>«»' 

'Jritri  '"'  ■'*;  "  ""'  '""""'y  ""  «"»">■»  to  limit  the 
Mx  -rfe  to  buiane,  of  whioh  the  first  elemeot  named  w»,  oxv  J.„ 
or  .  metallom  ending  i„  .,„.,  .,  ,^,„,       ^^^^^^  Tole  f 

now  fallln  into  disuse,  and  the  affli  -a,  is  used  for  all  h..J 
except  cenain  oxides  in  whioh  the  afflx  -a  sta^d'  t  th!  wTd 

KxiMPLEs-Potassa  =  oxide  of  K;  8oda  =  oxide  of  Xa- 
Sil.a=  ox.de  of..;  Alumina  =  oxide  of  ^,;  M.gnesi.  =  .l' 

-"  28.  Salts  formed  from  acids  in  -ic'end  in  -ate 
ExAMPL«s.-S„/;,4„rtc  acid  and  soda  unit,  to  form  «,;;U,rte  of 

Nitric  acid  and  potash  unite  to  fom  nitrate  of  pot- 
ash.  '  *     '        r  *^"'' 

Chlortc  acd  and  potash  unite  to  form  chlorate  of 
potash,  &c. 
y  24.  Salts  formed  from  acids  in  -ou« ^nd  in  -ite 

Ez.MPLKs.~  Sulphurous  acid  and  soda  unite  to  form  sulphite  of 
soda. 

Chlorous  acid  and  potash^nite  to  form  chlorite  of 
potash. 

B«H,L.s._ffj,p„pA<,^4„„„  acid  and  potash  unite  to  form 
nypophosphite  of  potash. 
Hypochlorous  acid  and  potash  unite  to  form  hype 
chlorite  of  potash. 

Bi/posulphurom  acid  and  soda  unite  to  form  hypo.  ^ 
i<ulphite  of  Boa&,  ^nypo. 


X 
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Perchloric  aoid  and  potash  unite  to  form  perchlo^ 

rate  of  potash. 
Permanganic  acid  and  potash  unite  to  form  per- 
manganate of  potash.  • 
y  26.  When  a  body  is  capable  of  forming  two  or  more  com- 
pounds  with  oxygen  or  another  body,  these  compounds  are  dis- 
tinguished from  each  other  by  the  prefixes  Proto,  3i  or  Deuto, 
Ter  or  Tnto,  and  Sesqui,  which  always  refer  to  oxygen  if  it  be 
present  J  if  not,  to  the  first  element  named. 

Pboto  =  1. 

BxAMPLHs.-Protoxide  of  Iron  =  FeO  =  one  equivalent  of  0 
tooneofJ^«. 

Protosulphide  of  Mercury  =  HgS  =  one  equivalent  of  S  to 
en^  of  Hg. 

Protochloride  of  Copper  =:  Cu«  =  one  equivalent  of  a  to 
one  of  Cu. 

DiDTo  or  Bi  =  2. 

ExAMPLM.— Binoxide  of  Manganese  =  MnO.  =  two  equiva- 
lents of  0  to  one  of  Mn. 

Bicarbonate  of  Soda  =  NaO,2CO,  =:  two  equivalents  of 
Carbonic  Acid  to  one  of  Soda. 

Bichloride  of  Mercury  =  HgCl^  =  two  equivalents  of  CI  to 
one  of  Hg. 

Deutoxide  of  Hydrogen  =  JTO,  =  two  equivalents  of  0  to 
oneofjy. 

Tbito  or  Tbb  =  3, 

ExAMPLBs.— Tersulphide  of  Potassium  =  K8.  =  three  equiva- 
lents of  5  to  one  of  JT. 

Teroxide  of  Antimony  =  SbO^  =  three  equivalents  of  O  to 
one  of  Sb. 

SBS;jm=:3:2. 

ExAMPLBS.  — Sesquioxide  of  Manganese  =  JEfn-O-  =  three 
equivalents  of  0  to  two  of  JIfn. 

Sesquisulphide  of  Chromium  =  O-.S,  =  three  equivalents  of 
S  to  two  of  Cr. 

SeSQuichloride  nf  Aluminum —  at  nj    *k=^^  •     i 

'  «••«."  «-.  ^rjiv^^i^  _^  larco  eqaivaienis  Of 

CUndtwoof.4;. 


to  form  perchlo" 
lite  to  form  per- 

0  or  more  com- 
nponnds  are  dia- 
oto,  Bi  or  DeutOy 
0  oxygen  if  it  be 

eqniralent  of  0 
liTalent  of  S  to 
Talent  of  CI  to 

=  two  equiya* 
equivalents  of 
ilents  otd  to 
alents  of  0  to 

=  three  eqniva- 
alents  of  0  to 

((Og  =  three 
Bqniralents  of 
equivalents  Of 


NOMHNCLATURB.  jj 

AaC/,  Ao.  "ospnorus,  P,0;  Chloride  of  Sodiunj, 

yao.  Quaternary  Compounds  reanlt  fi..«.  *u 

Ist.  Simple  Radicals. 
3nd.  Compound  Radicals. 

...IghcoTSt  ^f::'J'  •  f  •""-»•  "■"pound  »wch. 

ele-on.  in  certain  chenrircoVCt  J""'  "'"'  "'  '  """"• 
^_A,  .«mple,  of  compound  r.dic.1,,  tl.e  following  n»,  b. 


*  Cyanogen,  CgN 

jt  Carbonic  Oxide,  CO^ 
/Bthyle,  o^^^ 

.Benroyl,  c,,H„0, 

r' Ammonium,         jfH 


Mellone,  C^N^ 
Acetyle,  C4H3 
Methyle,  C,H, 
Salicyle,  C„H,04 
Kakodyle,  C^HgAs 

«iM<ro-M,aK„  and  th„«7."i,  Y  '"  '"°  '"'""''•  ""ols  are  termed 
called  Jc^tTZ^^'  """"' '"  *■"'  ■"»»'-«  P""  •" 


^^  ^-^    ,7!/    .€.Ui-t>t. 


/'•'^■' 


■  '  » 't 


1^' 


/     / 


'"^^^U^ 
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LECTURE  H, 

LAWS  OF  COMBINATION. 
I.  Lawjf^Fixed_Pr(ypo7tiona;  11.  La7v_pJiMultvphFroporiion$i 
"'•  ^'^^.^\^}*J^^LFS°P°^^">^'i  IV.  Law  of  Combining 
Number  ^ompounds-^SymboU—  Combining  Numbers^ Che-, 
mical  Notation—Relation  between  the  Atomic  Weight8,Specific 
Gravities,  and  Combining  Volumes  qf  those  Elements  thai 
exist  in  a  Gaseous  State. 

LAWS  OP  CHEMICAL  COMBINATION. 
84.  First  Law — All  chemical  compounds  are  definite  in  their 
nature,  the  ratio  of  the  elements  being  constant. 

86.  This  law  is  the  result  of  chemical  analysis,  and  is  prored 
by  synthesis. 

ExAMPLB.  — 9  grains  of  water  =r  one  grain  of  H  and  eight 
grains  of  0;  also  8  grains  of  O  and  1  grain  of  H  produce  9 
grains  of  water. 

36.  The  converse  of  this  law  is  far  from  being  true :  the  same 
elements  combined  in  the  same  pr^ortions  do  not  of  necessity 
generate  the  same  substance.         |  ') 

ExamplA—  Oil  of  roses  and  illai^inating  gas  are  identical  in 
chemical  composition;  as  §0*6  are  spirits  of  turpentine,  oil  of 
lemons,  oil  of  juniper,  girof  black  pepper,  and  oil  of  bergamot, 

^  37.  Second  Law.— men  o  body  is  capable  of  combining  with 
another Jn^neferal  proportions,  these  proportions  bear  a  simple 
^jMwnfnca/  relation  to  each  other. 

Thus,  if^  and  B  represent  the  two  bodies  that  unite,  their 
compounds  will  be  as  follows  : 

FIRST  8IRIBS. 

A-i-B  1st  compound B  sz  I 

A+BB  2nd         «        B=:2 

A-\-BBB        3rd         «         .......5  =  3 

A+BBBB     4th         «         !  J  =  4 

Ai-BBBBB  6th         '<        ...,...[ . . [ \ . ,B  —  5 


}is,  and  is  prored 


that  unite,  tlieir 


CHEMICAL  COMBINATION. 
BxAMPM.-^In  the  componnds  of  N  And    i  we  hate— 

1st.  iV^D  or  14  grs.  of  A- unite  With  8grs.  ofO 
2nd.  JyrOj  or  14  «*  N  «  le  "  0 
3rd.  NO^  or  14  "  N  "  24  ««  o 
4th.  NO^  or  14  «  iV^  «  32.  «  o 
5th.  NO^  or  14      "      iV         "         40      «      o 
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SECOND  SBBIBB. 

A+BBB  1st  compound  A  :  B 

jS-^BBBBB      2nd         «       ./tf  :  5 
^+-B5^J5jB55  3rd         "       w4  :  B 


1 
1 
1 


ExAMPLB.— In  the  compounds  of  Arsenic  with  Oxygen  we 

Ist.  MO3  or  75  grs.  otM  unite  with  24  of  a. 
2nd..4»Ofl  or  75  «  of  w*«         "         40  of  O. 
Sometimes  one  or  more  members  of  a  series  are  wanting,  as  in 
compounds  of  CI  and  0,  which  are  CIO,  CIO,,  C10„  CIO. 
and  CIO,,  in  which  CIO,  and  CIO,  are  wanting  oi  do  not  exist! 
^  38.  Third  Law.— 7/*  a  body,  J,  unite  with  other  bodies  B,C  D 
the  quantities  of  B,  C,  D,  which  unite  with  J,  will  represent  in 
numbers  the  proportions  in  which  they  unite  among  themselves  in 
case  such  union  takes  place. 

TLLUSTRAT10N.-8  grs.  of  0  unite  with  1  gr.  of  g;  or  with  16 
grs.  of  Si  or  with  14  grs.  of  iV;  or  with  35-5  grs.  of  CI.  Then 
1,  16,  14,  and  35-6  are  the  chemical  equivalents  or  combining 
numbers  of  ^,  S,  N,  and  CI;  that  is,  if  any  of  these  bodies  unite 
to  form  a  compound,  the  union  always  takes  place  in  quantities 
proportional  to  these  numbers. 

ExAMPLB.-^and  CI  unite  to  form  ffa  or  hydrochloric  acid, 
in  which  1  gr.  of  H+  35-5  grs.  of  e/=  36-5  grs.  of  J^CT. 

Th6  number  356  is  called  the  chemical  equivalent  of  a 
because  that  many  grains  of  CI  go  as  far  as  8  grains  of  0  in 
saturating  any  amount  of  H,  &c. 

^89.   Chemical  Equivalents  ^are  likewise  called  Combining 
numbers  and  Atomic  Weights. 

40.  The  following  are  the  Symbols  and  Oombining  Numberi 
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tAWS  OV 


of  tt.  ,r««jpai  .to..^...    I.  1,  „ 


J/ 


Blements. 
XetaUolds. 


Symbols. 


I  Hydrogen., 

f  Oxygen... 
I^itrogen . . , 

Carbon 

Chlorine 

Sulphur..... 

PhoBphonu. 

Boron 

Bromine. . . . , 


Comb. 
No 


H 
O 

N 
C 
CI 

s 
p 

B 
Br 


Fluorine I  f 


Iodine . . . 
Silicon.., 
Selenium. 


-1 


I 

Si 
Se 


1 

8 

14 

6 

86-6 

16 

82 

11 

80 

19 

mi 

21*8 
40 


Elements. 


Hetals. 


Symbols. 


Potassium k 

Sodium ifa 

Calcium ca 

Aluminum a1 

Haguesium . . 
Manganese. . , 

Iron 

Lead.... 

2ino.. 

Copper 

Mercury 

SUver 

Gold 

Platinum 


Comb. 
No. 


28 
20 


Mg 

Mn 

Fe 

Pb 

Zn 

Cu 

Hg 

Ag 

Au 

Pt 


m  fe, 


27-6 

28- 

104- 

32-6 

82 

100- 

108 

98-6 

98-5 


1^1 


\ht^lTl^  LAW.-2%e  cmhinins  number  of  a  corapomd  is 
''^'^^  of  the  combining  numbers  of  its  componenU, 

ByrthesS'lJj'^"^."^'^'^  *"^  byaynthesis.  Thus,  by 
Byntheflw-to  saturate  47  parts  by  weight  of  Potassa  or  li« 
parts  by  weight  of  Oxide  of  Silver,  thefe  are  req^d  io  par  ' 

Chlo2  r  S  ''''''  ''  ''  P"*«  ''  ^^^'i^'  ^cid,  or  T55  parts  of 
Oh  one  Acid,  or  167  parts  of  Iodic  Acid,  or  51  parts  ofTc  tic 


M»  ufmenti  most  commonly  met  wlthT — '  — ""^*  «««ieer5,  «o.,  of    ^ 


45. 

remar] 

body 

Quant 

(temper 

volume 

Thus  8 

1 

35 

127 

That 
and  of  ( 

46.  Ii 

of  a  ga 


CHEMICAL  COMBINATION. 


remember  that 
iiivalent  of  it ;  5 
e  eqairalent  of 


Symbola. 


K 

Na 

Ca 

Al 

Mg 

Mn 

Fe 

Pb 

Zn 

Cu 

Hg 

Ag 

Att 

Pt 


Comb. 
No. 


89./ 

28 

20 

18-T  Ij/ 

12« 

27-6 

28- 

104- 

32-6 

82 

100- 

108 

98'6  -jj/'y) 

98-6 


>  compound  is 

►f  the  latr  of 

is.  Thus^  by 
tassa,  or  llG 
ired  40  parts 
75*6  parts  of 
rts  of  Acetic 


stodent  might 
amoers,  «o.,  of 
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Ti,      .u  ^'"-^^-^ombiningNumberofAcetloAcid. 

»*.  "M- »Z«  Sr^  ^  ^  •*'"--'*»'-' • 
Thu.  8    ,r...fO  occupy  (6..j.t,.  ^4  30  i,.  b„.  ^  ,3.3  ^  ,__ 

36-6    "  a       ••         „        ,"  *«■'     " 

12»    gra.T8porof/«  .<  „  *^'l„   " 

TJiat  IS,  equivalents  of  B  CI  a„A  t  . 
tad  of  O  half  a  volume  ''''"«  ^  ««°Py  equal  volumes. 

,     48.  If  both  the  specific  trrnvn,  — j  <u.  _i  _    .    . 
Of  .  ,„  he  known, ,.  .^urval^.-'^^nrSrXrr 


12QOTVALENT  VOlDltES  OP  ClASES. 


easily  be  determined,  since  it  will  be  represented  by  the  number 
of  times  the  weight  of  a  unit  of  volume  (the  spec,  grar.)  is  con- 
tained in  the  weight  of  one  chemical  equivalent  of  the  substance ; 
I  e.,  the  equivalent  volume  of  an  element  is  found  by  dividing  it$ 
chemical  equivalent  by  its  specific  gravity^  and  comparing  the 
quotient  with  that  obtained  in  the  case  of  H. 


Substance. 


'  •  •  •  \«''«*«  « 


Hydrogen 

Nitrogen 

Chlorine... 

Bromine  Vapor 
Iodine  Vapor. . . 
Carbon  Vapor. . 
Mercury  Vapor 

Oxygen 

Phosphorous  Vapor . .  .\ 

Arsenic  Vapor , 

Sulphur  Vapor \... 

Water  Vapor :». 

Protoxide  of  Nitrogen ? 

Sulphuretted  Hydrogen 

Sulphurous  Acid 

Carbonic  Oxide " 

Carbonic  Acid ] 

Light  Carburetted  Hydrogen... 

OleflantGag 

Binoxide  of  Nitrogen; 

Hydrochloric  Acid 

Phosphoretted  Hydrogen.. 

Ammonia 

Ether  Vapor 

Alcohol  Vapor 

Benzol  Vapor 


Sp.grav. 


0.0698 

0.972. 

2.470. 

5.895. . 

8.716., 

0.418.. 

7.00Q.. 

1.106.. 

4.860., 

10.420.. 

6.664.. 

0.625.. 

,1.525.. 

Il71. . 

2.210. . 

0.97^. 

1.524.. 

0.559.. 

0.981. . 

1.089.. 

1.269. . 

1.240.. 

0.589.. 

2.586.. 

1.618. . 

2.788.. 


Equir. 
weight. 


Eqaivalent 
volume. 


1.0.. 

14.0.. 

86.5.. 

8Q.6.. 

liiT.O.. 

6.0. . 
100.0.. 

8.O.. 
32.0.. 
75.0.., 
16.0.., 

9.0... 
22.0... 
17.0... 
32.0... 
14.0... 


V 


22.0. 


\0... 
14^... 
80.Cl.>. . 
86.5.... 
85.0... 
17.0... 
87.0... 
46.0... 
78.0... 


14.48  or  1 

14.87  or  1 

14.33  or  1 

14.82  or  1 

14.57  or  1 

14.84  or  1 

14.29  or  1 

7.23  or  i 

7.35  or  ^ 

7.19  or  i 

2.40  or  ^ 

14.40  or  1 

14.48  or  1 

14.51  or  1 

14.52  or  1 
14.39  or  1 

14.48  or  1 
14  31  or  1 
14.27  or  1 
28.8Tor2 
28.70  or  2 
28.22  or  2 
28.86  or  2 
14.dlorl 
28.52  or  2 

28.49  or  2 


Thus  it  appears  that  H,  N,  CI,  Br,  7,  C,  and  Hg,  in  the  state  I 
of  vapor,  have  the  same  equivalent  volume  j  0,  P,  jls,  one-half 
of  this ;  Sulphuric  Acid,  one-sixth,  &c. 

NOTH.—Tht  slight  discrepancies  in  the  third  onimmi  fodni*  «i,i«fl«  a.^^.  I 
•rrors in  detewnitting  the  ipMific  gravities,  *"   '"•"^"J^  ""»i 
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NOTATIOK. 

atom"  Lt  &c/"  '  '^^^^  "  ^'''^^^^^"'  ^'°^^^^«-'  ^«  ^-  ^ 

48^  A  symbol  with  a  small  figure  below  and  to  the  right  of  it. 
signifies  as  many  atoms  of  the  element  as  the  figure  expresses. 

sulphur,  a:..""'""'  '"""  nnir^^^ni,  of  0;  8,  means  five  of 

JL^r^'^'^"'T\^^  *^'  ''^*'+'  °''  «^°^P^y  P^*<'«d  together, 
signify  a  compound  of  1  atom  of  each  element.  Thus  H+0  or 
JiU  _-  Water,  a  compound  of  1  atom  of  H  and  1  of  O. 

60.  If  a  small  figure  be  attached,  as  above,  to  either  or  both 
symbols.  It  multiplies  that  symbol  only  to  which  it  is  attached 

Thus  MnO  =  Binoxide  of  JJfn  =  1  equivalent  of  Mn  and  2 
equiva  ents  of  O.  So  also  Fe,  0,  =  Sesquioxide  of  Iron  =  2 
equivalents  of  Fe  and  3  equivalents  of  0,  Ac. 

51.  When  a  compound  formed  by  the  union  of  two  or  more 
compounds  is  to  be  expressed,  the  compounds  which  combine 
are  joined  either  by  the  sign  +  or  by  a  comma. 

Thus  HO +80,  or  H0,80,  signifies  Hydrated  Sulphuric 
Acid  =  1  equivalent  of  water  and  1  equivalent  of  dry  80^. 

52   A^  large  figure  placed  on  the  same  level  as  the  symbol 
and  to  the  left  of  it,  multiplies  every  symbol  as  far  as  the  next 
comma  or  next  +  sign ;  or  it  multiplies  all  within  brackets  if 
placed  before  them.  "viloi«  u 

Thus  2H0  =  2  equivalents  of  Water  =  2ff  +  20- 
2S0„K0,H0  =  Bisulphate  of  Potash  =  2  equivalents  of  SO,  I 
equivalent  of  KO  and  1  equivalent  of  HO.  But  2  (  SO,  KO  HO\ 
or  2  (50  +jrO+^0)  =  2  equivalents  of  a  compound  wh/ch  is 
formed  of  1  equivalent  of  80,,  I  equivalent  of  KO,  and  1 
equivalent  of  ^O.  ' 

68.  The  following  are  some  examples  of  ohemioftl  fonnnloa : 

B 
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CHEMICAL  AITINITY. 


=  '^hO„3SO^+KO,SO,+24^d. 


Alum 

Sugar 

Alcohol  =  C^H^O^. 

Acetic  Acid  =  C^H^O^+HO, 

Morphine  =  C,^H,,NO,. 

Acetate  of  Morphine  =  C^^H,^NO^,C^H^O^. 

64.  Sometimes,  in  order  to  show  the  new  arrangement  of  the 
elements  in  chemical  combinations,  we  make  use  of  the  equation 
Thus,  KO+HCl=HO+KCl.  4««*"on. 


LECTUBE  ni. 

CHEMICAL    AFFINITY. 

66.  Elements  which  are  capable  of  chemically  uniting  are 
said  to  hare  an  affinity  for  each  other. 

This  power  of  union  or  affinity  is  exceedingly  different  in 
degree  among  various  bodies,  and  is  much  modified  by  a  number 
of  circumstances. 

66.  As  a  general  rule,  the  more  unlike  any  two  bodies  are  in 
chemical  properties  the  stronger  is  their  affinity  for  each  other 
Thus  the  metals  have  a  strong  affinity  for  oxygen  and  chlorine  • 
the  bases,  a  strong  affinity  for  acids,  Ac.  ' 

67.  Chemical  Affinity  may  be  defined  to  be  that  force  or  at- 
traction  by  which  the  particles  of  two  or  more  dissimilar  bodies 
unite  to  form  a  compound  which  is  totally  different  in  its 
chemical  nature  from  either  of  its  constituents. 

^  68.  Affinity  is  either  simple  or  elective. 

60.  Simple  Affinity  is  that  force  by  which  two  or  more  free 
bodies  become  chemically  united. 

IXAHPLBS  OF  SIMPLE  AFFINITY. 

'•  tt' }  =S«lpl.ati«  Acid.    a.  S«jP^°^  I  =VermilioB. 


Iron 


0  or  more  frtt 


CHEMICAL  AFFINITY.  jg 

^'  nX^en  \  =Water.        4   Chlorine  >     ^^"'^-'  " '  ^^-'^'>  '-  ^^ 
yarogen  5  4.  g^^.^^    J  =:Ccmmon  Salt.  ^^  ^> 


°'  Potash  5  =Soap. 


Oxygen     p 


60.  BLctiTe  Afflaity  fa  either  ,i„g,e  or  doable. 

KAlfPLKS  OF  SINGLB  BLKOTIVK  AmNITT. 

No.  1. 

Acetate  Of  Lead  j^''*^'^*^^^^ 

Lead 

:- Acetate  Of  Zinc. 


Acetate  of  C  Acetic  Acid. 

'""«'•       He«l 
Sulphuric  Acid 


No.  2. 


,  No.  3. 
Sulphate  of  (  Sulphuric  Acid. 

C  Copper^ 
Ammonia 


-Acetic  Acid. 


^Sulphate  of  Lead. 
Sulphuric  Acid. 


Ammonia-aalt  of  Copper. 


Sulphate  of  5  Sulphuric  Acid 
Copoer.     \  .  ^ 


No.  4. 


rSulphate  of  Iron. 
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CHEMICAL  AFFINITY. 


Nitrate  ofjNHrioAcid 
Mercury.  \  ^^^^^^^ 

Copper 


No.  6. 


Mercury 

Nitrate  of  Copper.   |  ^^^^^ 


No.  6. 


m 


(  Oxygen 
Water  } 

(  Hydrogen 

Potassium 


—Hydrogen. 

Oxide  of  Potassium.  I 


6d.  Double  Elective  AfRniij  involves  a  double  decomposition ;\ 
i.  e.,  when  two  compounds  are  placed  together  under  favorable  I 
circumstances,  they  are  both  decomposed,  and  their  constituents! 
re-unite  and  form  two  new  and  entirely  distinct  compounds. 

BXAIIPLBS  OF  DOUBLB  BLBOTIVB   AFFINITY. 


No.  1. 


Iodide  Of  (  ^°^*"® 
Potassium  ^  potassium 

Bichloride  (  ^^^^'^ 
ofMercury^Qj^j^^.^^ 


Iodide  of  Mercury. 
Chloride  of  Potassiumj 


No.  a. 


Bichromate 
of  Potassa 


Fotsssa 
ChromicAcid 


Ate 


*^*m    m.*  T  m.^J     1 


utftv  VI  xjcnu 


^Lead..^^ 


Acetic  Acid 


Acetate  of  Potassa, 
Obromatt  of  Ltftd.l 


63, 

l.Ji 
2.  I 

64. 

at  inse 
commi 

Dry 

I  lumps  I 
I  other; 
'  commei 

65.  § 

[atoms  0 

Carbo 
I  to  unite 
Isolutioo 

66.  H 
imeans  ol 

Silica ; 

Sulphti 
)ine  wit! 
fa  melted 


ercury 

itrate  of  Copper. 


CHEMICAL  APPINITT. 
No.  3. 
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Nitrate  of    (Nitric  Acid 
«""'         surer        " 


Bichromate  {  Potash 


of  Potassa.  i 


Ohromic  Acid 


vNitraPe  of  Potasti.- 
iriOhromate  of  Silver, 


ogen. 

ide  of  Potassium. 

'>le  decomposition }\ 
r  under  favorable 
their  constituents! 
it  compounds. 

tNITT. 


Df  Mercury. 

le  of  PotassiumJ 


tate  of  Potassa. 
mtkU  of  Leftd.j 


63.  Solution  is  the  result  of  feeble  affinity. 

KXAMPLES. 

1.  Alcohol  dissolves  camphor,  but  not  gum. 

2.  Water  dissolves  gum,  but  not  camphor. 

jA  64.  Chemical  affinity  exists  only  between  unlike  partfcleSan(r 
at  insensible  distances.    Hence  the  more  finely  substances  ar» 
!  comminuted,  the  more  readily  chemical  union  takes  place. 

BXAMPLB. 

Dry  SaUAmmoniac  and  Dry  Lime,  when  placed  in  contact  in 
1  mps  or  masses,  exhibit  but  little  tendency  to  act  on  one  ai! 
other;  but  when  both  are  pulverized,  chemical  action  at  once 
I  commences,  and  Ammoniacal  Gas  is  evolved. 

I  atf^;  ^T^""  ^"'^'^^  P'''"'^*''  ''^''^'''•^  "'^'^^  ^r  bringing  the 
I  atoms  of  the  constituents  into  contact.  «   K  »« 

BXAMPLB. 

\mml  ""  '     '  '""'  ""'  '"'"""™  '""''"J'  "'■«■'  '» 

BXAMPLBS. 

^ica  and  Poto*  unite  by  strong  keat,  and  form  glasa. 

in?^ft'it''iilh"''  V -C'**  "»'*  ^'•"^  "»'  «i  '"OIJ'  com- 
me  with  it  either  when  the  iron  is  nH  i,a.  —  _u„  U. .' .  . " 

is  melted.  ""'  "'  ""'"  '""  "■"P"''' 
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CHEMICAL  AiPINITY. 


67.  Bodies  ia  the  naa^fln*  jtl^tf  m  It  k  called,  (nfl«c«n«, 
"being  born,")  will  ^/ten  an.  *e  „  eo  under  ordinary  circum- 
stanceij  no  afiBnity  is  ma^i^leited  betvs    <'n  them. 

■XAMPLB. 

Hydrogen  and  Nitrot^en,  w'len  mingled  in  the  same  ressel,  will 
not  unite,  but  are  coaaUntly  combining  to  ^orm  ammonia, 
when  they  are  both  ia  thr;  process  of  being  set  free  b  the 
decomposition  of  organic  subalanr  as. 

68.  The  presence  of  a  third  body  often  causes  a  union,  or  the 
exertion  of  aflSnity,  whenTthis  third  body  takes  no  part  in  the 
change  which  occurs*  "^^^  M^J  /r^y  -cj  J.-^-l  ^  ^ 

Oxygen  and  Hydrogen,  when  mingled  in  the  same  vessel, 
do  not  combine,  but  at  once  unite  in  presence  of  spongy 
platinum. 

^  60.  The  most  striking  phenomena  which  accompany  chemical 
affinity  are— 

I.  Erolr  ■  >Q  of  Light:— 

BXAMPLB. 

If  a  piece  of  metallic  Potassium  be  thrown  on  water,  so  great 
is  its  alfiaity  for  0  that  it  decomposes  the  water,  uniting  with 
the  O  and  setting  fire  to  the  H. 

II.  Evolution  of  Heat  :— 

BXAHPLBS. 

Sulphuric  Acid  mixed  with  Water. 

Sulphuric  Acid  poured  upon  a  saturated  solution  of  Loaf 
Sttgar  produces  suftiv  'ent  heat  to  evaporate  the  water. 

III.  Evolution  of  Electricity  :— 

BXAMPLES. 

All  Voltaic  combinations. 

IV.  Change  of  Color  :— 

BZ^UFLSS. 

Solutions  of  Iodide  of  Potas  w  and  Bichloride  of  Mercury, 
both  of  which  are  coi^r^.  \  ».'  od'^'^v  when,  mixed  to- 
gether, a  brilliant  scarU  L 
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CHEMICAL  APPINITY. 

If  water  be  colored  by  tincture  of  cabbage-Liquid  Am- 
monia  at  the  top  turns  it  gre«n,  and  Sulphuric  Acid 
at  the  bottom  turns  it  red. 

V.  Change  of  Volume  :— 

■XAMPLM. 

Water  and  Alcohol. 
Water  and  Sulphuric  Acid. 
VL  Change  of  Form  :— 

Hydrochloric  Acid  Gas  and  Ammonlacal  Gas-two  gases 
form  a  solid. 

Sulphuric  Acir!  Hud  Chloride  of  Lime-two  fluids  form  a 
solid. 

Chloride  of  Calcium  and  Carbonate  of  Potash-two  fluida 
form  a  solid. 

Caustic  Potash  and  Sulphate  of  Magnesia-two  fluids  form 
a  solid. 

Sulphuric  Acid  and  saturated  Solution  of  Sugar-two  fluids 
form  a  solid. 

Amalgam  of  Lead  and  Amalgam  of  Bismuth-two  solid 
metals  form  a  fluid. 

Acetat^e  of  Lead  anu  Sulphate  of  Zinc-two  solids  produce 
a  fluid. 

Sulphate  of  Soda  and  Carbonate  of  Potash-two  solids 
form  a  fluid. 

Sulphate  of  Soda  and  Nitrate  of  Ammonia-two  solids  form 
a  fluid. 

Sulphuric  Acid  and  Alcohol-two  fluids  gire  rise  to  an 

inflammable  gas. 
Spirit:  of  Turpentine  and  Aqua  Regia-two  fluids  give  rise 

'     I  spontaaeously  inflammable  gas. 
Sulphuric  Acid  and  a  mixture  of  Potassa  and  Loaf  Sugar 

-a  liquid  and  a  solid  give  rise  to  spontaneous  com- 

bustion. 

Water  and  dry  Phosphate  of  Soda  produw  a  spontaneously 
mnammable  gas. 


24  ATOMIC  THEORY. 

Ether  and  Chlorate  of  Potash  moistened  with  Sulphuric 
Acid  produce  a  spontaneously  injQammable  gas. 

Sulphur  and  Chlorate  of  Potash  detonate  when  cautiously- 
rubbed  together  in  small  quantities  in  a  mortar. 

Sulphur  and  Ohlorate.of  Potash  thrown  on  Sulphuric  Acid 
produce  an  explosion  and  flame. 

Lime  and  Sal- Ammoniac— two  solids  produce  a  gas. 


LECTURE  IV. 

ATOMIC    THEORY,  CRYSTALLIZATION,  ISOMORPHISM, 
ISOMERISM,  ALLOTROPISM. 
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70.  The  Atomic  Theory  of  the  constitution  of  matter  assumes 
that  matter  is  not  infinitely  divisible,  but  is  ultimately  composed 
of  minute  indivisible  particles,  which  are  termed  atoms. 

71.  These  atoms  are  supposed  to  be  of  dififerent  weights  in 
different  bodies,  and  probably  of  different  magnitudes.  They 
are  also  supposed  to  be  spherical,  perfectly  hard,  opaque,  and 
destitute  of  color. 

72.  When  bodies  combine  chemically,  their  union  must  be  so 
effected  that  one  atom  of  the  one  unites  with  one  atom  of  an- 
other, or  one  atom  of  the  one  unites  with  two,  three,  or  four  of 
another ;  or  two  atoms  of  the  first  with  three,,  five,  or  seven  atoms 
of  the  second  ;  but  no  intermediate  degree  can  occur,  since  the 
atom  is  absolutely  indivisible. 

73.  The  relative  weights  of  these  atoms  are  the  equivalent 
numbers  of  the  bodies  combined. 

74.  The  following  is  an  illustration  of  the  mode  in  which  the 
chemical  combination. 


CRYSTALLIZATION. 


25 


La^  of  Definite  Proportions—Eight  pa-ts  bj  weiglit  of  oxygen 
combine  with  one  of  hydrogen  to  form  water ;  because  the  \ 
simplest  proportion  in  which  they  can  unite  is  one  atom  of  \ 
each,  and  one  atom  of  0  is  eight  times  as  heavy  as  one  atom 
of  H. 

Law  of  Equivalent  Proportions.-S  parts  of  O  are  equivalent  to 

35-5  of  CI;  because  when  an  atom  of  JET  leaves  the  atom  of  0  ' 

It  combines  with  an  atom  of  CI,  and  an  atom  of  CZ  is  heavier  ' 

than  an  atom  of  O  in  the  proportion  of  35-5  to  8.  • 

Law  of  Multiple  Proportions.-In  the  different  combinations  of  ' 

O  and  N,  the  0  amounts  to  8,  16,  24,  32,  or  40  parts  of  the  , 

compound  by  weight ;  because  one  atom  of  N  unites  with  one  > 

atom  of  0,  or  with  two  atoms  of  O,  or  with  three  atoms  of  O,  < 

or  with  four  atoms  of  O,  or  with  five  atoms  of  0.  | 

NIlroM  Acid.  Hyponttrte  Add.  Nitric  A»U. 


Protozidaof 

Nitrogea. 


BinoxMa  of 

Nitrofra, 


^ 


eo 


Law  of  Combining  Number  of  Oompounds.—Since  an  atom  of       1 
water  is  compound,  being  composed  of  one  atom  of  0  and      / 
one  atom  of  H,  and  since  the  atomic  weights  of  0  and  H  are 
8  and  1,  the  atomic  weight  or  combining  number  of  water  / 
must,  of  necessity,  be  9.  / 

75.  Thus  the  Atomic  Theory  explains  all  the  fundamental 
laws  of  chemistry ;  nevertheless  it  is  by  no  means  established  as 
a  fixed  law  or  principle  in  physical  science.  Some  of  our  best 
chemists  reject  it  altogether.  Sir  Robert  Kane  maintains  that 
while  every  chemical  phenomenon  may  be  explained  without  a 
reference  to  it,  many  are  totally  irreconcilable  with  it  unless 
greatly  modified. 

CRYSTALLIZATION. 

76.  When  certain  solid  substances  are  dissolved  in  liquids  or 
melted,  so  that  their  particles  are  free  to  move  among  each 
other,  upon  the  evaporation  of  the  liquid  or  on  the  cooling  of  the 
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melted  mass  the  atoms  arrange  themselves  together  In  certain 
regular  geometrical  forms  called  Crystals. 

tallLta""""  ''""'°''  "^""'  •"  '°™"'  "  '«"»«*  Cry,. 

78.  Bodies  may  le  erystalftzed  by  «,lutim,  by  t«1&  o,  br 
.»6/»,«^.    Salt,  Alan,,  Epsom  Sails,  aod  Iodide  ofSam 

ana C^r"'"  o^"^"'*"-'-  "7  solution ,  Sulphur  Z  no! 
and  B^mnth,  are  good  examples  of  crystallisation  by  me  ting 
Arsenic,  Arsenwus  Add,  Benzoic  Acid,  and  Corrosive  Snblimafe 
are  good  examples  of  crystallization  by  sublimation  ' 

pr«ess!r  T^ "T^  ^-  "y"^"™4  "y  ■»""  than  one  of  these 

processes.     Thus  Corrosive  Sublimate  may  be  crystallized  by 

olufon  or  by  sublimation,  Sulphnr,  by  fusion  or  by  solution! 

It  .s  remarkable  that,  when  this  occurs,  the  crystals  obtained 

J^^uZr°T"T  r-^.?t°f-«>«  same  shape,  but  indicate 
a  totally  different  mode  of  arrangement  of  particles. 

sa^ot^55S^^^  '^  ''^'  -^^'^^'  ^^  t-  ways  is 

81  In  cases  where  bodies  are  dimorphous,  one  form  is  generally 
^.-unstab  e,  and  the  body,  when  crystallized  in  it,  passes  after 

some  time  into  the  other  form. 

82  The  more  slowly  the  change  of  state  occurs  and  the  more 
regularly,  the  larger  and  finer  are  the  crystals  formed.    In  solu- 
tions,  a  little  crystal  of  the  same  kind  of  salt  is  often  introduced 
to  serve  as  a  nucleus  round  which  the  new  crystals  may  gather- 
and  in  a  solution  containing  many  salts,  the  nature  of  the  saU 
Which  shall  crystallize  may  be  determined  by  the  nature  of  the 
h  tie  crystal  introduced.    Tkus  if  equal  parts  of  Nitre  and  of 
Glaubers  Salts  be  mixed  and  dissolved  in  five  parts  of  water 
and  the  solution  divided  between  two  similar  vessels,  on  a  crys ' 
ta  of  nitre  being  laid  in  one  vessel  and  a  crystal  of  Glauber's 
salts  m  the  other,  a  crystallization  of  pure  nitre  wiU^ccur  in 
the  former,  while  nothing  but  Glauber's  salts  will  crystallize  in 
the  latter  vessel. 

83.  Crystals  occasionally  form  in  a  body  although  it  may 
remain  completely  solid:  Thus  when  copper  wire  has  been  kept 
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crl?tf  1?  °^/r  ^"  '^'  ^^^'""'"'^  ''  ^'^^^"^^^  ^  »«s^  of  cubical 
tTlf '  K  ..'*'  *r''*^ ''  "''''''  °°«^P^«*«^y  lo«t-  Blows,  con. 
^Z^r^'  friction^and  variations  in  temperature,  pr  duce 

houl"  L*';  "^^r*^"^  arrangement ^fln-ees.  and  it  is 

:^^:J^:o^r^rru^-:^trt^- 
0^  s^hitr ""  -'  ^'^"^^  ^-^'"^  --  ^ 

lri?H  r  •  ''^''''  ^^^^  ^^P°^^^  *<»  th«  »i-  or  to  heat, 
fan  to  nold"  TJ'  '°"  *'"^  transparency,  turn  white,  and 
attrJ^  ^7f''  '^''  ''  '"^^'^  Efflorescent  Other  crystals 
attract  water  from  the  air,  and  thi^tk;^  as  Deli,uescLe. 

Jt^^  *"♦?'''  ""^  «rj^«tallization  there  is  heat  evolved,  con- 
sequent  on  the  general  law  of  heat  being  given  out  wien  a 
liquid  or  a  vapor  beccAies  solid. 

J^'  ^'^'**":'**^°^  i8  sensibly  affected  by  the  presence  or  the 
ab  ence  ufLight.  If  a  dish  half  covered  by  paper  be  set  aside 
It  Tk  ?  I  ^''•ystallize,  but  few  crystals  will  form  in  the 
da  k  although  there  may  be  an  abundant  crop  in  the  illumi- 
nated  portions  of  the  vessel. 

87.  If  a  crystal  of  tolerably  simple  form  be  carefully  examined. 
It  will  be  found  that  certain  directions  can  be  pointed  out  in 
which  straight  lines  may  be  imagined  to  be  drawn  passing 
through  the  centre  of  the  crystal  from  side  to  side,  or  from  end 
to  end  or  from  one  angle  to  that  opposite  to  it,  about  which 
lines  the  particles  of  matter  composing  the  crystal  may  be  con- 
ceived  to  be  symmetrically  built  up. 

88  These  lines  are  called  axes;  and  upon  their  number,  rela- 
tive  lengths,  positions,  and  inclinations  to  each  other,  depends 
the  outward  figure  of  the  crystal  itself. 

'\ 

80  All  crystalling  (orms  may,  upon  this  plan,  be  arranged  in 
8u  classes  or  systems,    f  hese  are  as  follows  i 


2^  CRYSTALLIZATION. 

I.  Thb  Rkqulae  Ststbm. 
ThrteequaJ,  axtz  all  placed  at  right  angles  to  each  other i' 

Pbikoipal  Fo»ms.~(1)  Cube  ;  (2)  Regular  Octahedron  j  (3) 
Rhombic  Dodecahedi^on. 

Examples— This  is  %  most  abundant  of  all  forms— Metals, 
Carbon  (Diamond),  Oomtaon  Salt,  Alums,  Iodide  of  Potassium, 
Fluor-spar,  &c.  \ 

II.  Tbb  Squalid  Prismatic  Ststbm. 

^   2V«fi  axM  ei  ri^ht  angles  tomch  other,  hut  only  two  of  equal 

Peinoipal  Porm8.-(1)  Right^quare  Prism,  and  (2)  Right 
Square-based  Octahedron.  \ 

ExAMPLBs.— Yellow  FerrocyanideVf  Potassium,  Zircon,  &c. 

III.  Thb  ftiOTT  Prismatic  Ststbm. 

Three  axes  at  right  angles  to  each  o/Aer,  all  of  unequal  length. 

Principal  Forms— (1),  Right  Rectan|ular  Prism  ;  (2)  Right 
Rhombic  Prism;  (3)  Right  Rectangular-based  Octahedron j  (4) 
Right  Rhombic-based  Octahedron.  \ 

Examples— Nitrate  and  Sulj)hate  of  Potassa,  Sulphate  of 
Barytes,  Arsenical  Iron  Pyrites,  &c.  \ 

17.  Oblique  Prismatic  Ststbm.\ 

n  ^u-'.  '^f  ""^''^  "^^  ''^  *'  ""'«'««^'  '^''^  «^  ^^Sht  angles; and 
tne  thtrd  oblique  to  one  and  perpendicular  to  the  other. 

Principal  Forms— (l)  Oblique  Rectangular  Prism;  (2) 
Oblique  Rhombic  Prism ;  (3)  ObUque  Rectangular-based  Octa- 
hedron ;  (4)  Oblique  Rhombic-based  Octahedron. 

Examples— Sulphate,  Carbonate,  and  Phosphate  of  Soda, 
Sulphur  (by  cooling  from  fusion).  Realgar,  Borax,  Green 
Vitriol,  &c. 

V.  Double  Oblique  Prismatic  Ststbm.  " 

Uree  axes  which  may  all  be  of  mtqual  lengths,  and  are  all 
ohliqtip  to  ?aeh  other. 
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Pbinoiiil  Form8.-(1)  Double  Obliqne  Prism ;  (2)  Double 
Oblique  O^ahedron.  '  ^  ^ 

ExAiiPLE8.-^ulphate  of  Copper,  Nitrate  of  Bismuth,  Quadrox- 
alate  of  Potassa,  ^c. 


\ 


are  all 


"VI.  Rhohboheobal  Sybtbm. 

Four  axes,  three  of  whidk  are  equal,  in  the  same  plane,  and 
inclined  to  each  other  at  an  an^tof  60o,  whUe  the  fourth  or  prin. 
cipal  axu  is  perpendicular  to  all.\ 

Principal  PoBHfl.^(l)  Regular  flix-sided  Prism :   (2)  The 

Quartz  Dodecahedron;  (3)  Rhombohe4ron  ;  (4)  Scalene  Dode- 
cahedron.  \ 

Examples  -lice.  Calcareous  Spar,  NiWte  of  Soda,  Rock 
Crystal,  Arsenic,  Antimony. 

GfXmele^'  *"*''!  "'""'''^  "'  '^"^'^^  '^  *"  ^«*™-»«»*  «»"ed  a 

X  ISOMOBPHISM. 

90   Certain  bodies  possess  the  very  remarkable  property  of 
exactly  replacing  each  other  in  crystallized  compounds  without 
alteration  of  the  characteristic  geometrical  form.    Thus   if  a 
crystal  of  ordinary  Alum  be  placed  in  a  solution  of  Sulphite  of 
Alumina  and  Ammonia,  it  increases  in  size,  and  still  maintains  its 
octahedral  form  ;  and  if  after  a  time  it  be  placed  in  a  solution  of 
Ammonia  and  Peroxide  of  Iron,  it  acquires  another  layer,  and 
increases  still  further  in  size.    Such  bodies  are  said  to  be 
I^phous  or  Sm^ifor^  (from  the  Greek  isos,  "equal."  and 
morphS,  "form."^  ^     * 

>IfiOMBBISM, 

81.  Isomeric  compounds  are  such  as  contain  the  same  elements 
Tbl/^'*""!  proportions,  and  yet  possess  different  properties. 
Thus  Spirits  of  Turpentine,  Oil  of  Lemons,  Oil  of  Juniper,  Oil  of 

f  't      ''o';  '°A^"  of  Bergamot,  are  identical  in  composition, 
as  also  are  Oil  of  Roses  and  Illuminating  Gas. 

^  92.  The  difference  of  properties  in  isomeric  bodies  is  accounted 
.oruy  supposing  that  the  atoms  are  differently  arranged  in  the 
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Jjt*  ALLOTBOPISM. 

83.  Several  of  the  elementa.7  bodies  erist  in  two  or  three 
d^sunct  .„d  totally  incompatible  f„rn>,.    Thn.  Carbon  "fo„^ 

Wacrnril:"     7"""'  ''«'»'''^"°'.  -  G«PMte  in  «pr,„' 
black  prisms,  and  as  common  charcoal,  which  is  black  .nH 

qnite  amorphons.    Sulphur  is  found  as  a  harT  IL  ,f 

substance,  and  as  .  brown  viscM  amor^hoJs'  Z'  ^7 
Phorus  is  found  as  a  white  translucent  read  IvTflamm.h. 
substance,  mi  as  a  deep  reddish-brown,  amoTphl  dtr." 
»uoh less inaammable.  0,,gen also exi'sts infwo  s4^,  Th" 
are  now  called  allolrcpic  form,  of  the  element  (G^k  ^s^ 
"another,"  and  tropos,  "character,"  "direction"  iT  f  ' 
di.ere.1,  arrant,  and  hence  priducinrbVofrr 
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LECTURE  V. 

OXYGEN. 

94.  OxYGBN.    Symbol  O;  Equiv.  =  8;  Comb    vol   i  •  S„.. 
Gray.  M057  ;  100  cubic  inches  weigh  34-2  grains      '     ' 

05.  Oxygen  forms  §  by  weight  of  water,  ]  of  the  atmosphere 
and  at  least  i  of  the  solid  crust  of  the  earth.  "^°»<>spiiere, 

96.  Oxygen,  when  free,  exists  only  in  the  form  of  a  gas  •  it  h^ 
never  been  reduced  to  the  solid  or  the  liquid  form  •  is  a  nertn^ 
nently  elastic  invisible  gas,  without  taste  or  smell.' 

97.  Oxygen  is  the  sustaining  principle  of  animal  life  and  of 
ordinary  combustion.  ^ 

98.  Oxygen  unites  with  all  the  other  elements   (Fluorine 
perhaps,  excepted),  and  with  most  of  them  in  several  proporZs' 

99.  Water  absorbs  or  dissolves  about  4  per  cent,  of  O  •  and  if 
.upon  this  O  that  aquatic  animals  depend  for  their  respCory 

100.  Oxygen  was  discovered  by  Priestley  in  Wn^i-nd  -— '  -- 
Scheele  in  Sweden  Bimultaneously,  in  1744.    It  w;:* ^aUedTitel 
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duce")  from  ifp  K«-     ^''^^^^  ^^^«».    'acid,"  and  gennao,  "I  pro. 

101.  'Oiygen  may  be  prepared  from  ReH  n,M.  »»  » 
the  application  of  heat,  the  mo  bSuTrl^    I'    """'^^ 
fl-ft  lOS  grains  of  ^^0=  mZnT+l  J"'"''  """  "«««'"o 

(-o:;^-i  :;?;inTrrerrear  r  t  -^  "" 

redness,  the  ilfnO,  abandons  one-thW  olt  O  ''"'"  '" 

Thus  3J(fnO,  zr  i(f»  0.  =  O.  4- Mn  n 

-^«^:;t:s;Co:=Thhr"-^^^ 

sesquioxide.  «    4  -  i»i«(^  and  Mn,  0„  1.  e.  protoxide  and 

Pure  MnOo  —  27-6  of  JJfn  j_  le  «#■  r»     .«.     , 

given  Off. ... :  ,b.  T.o;Lttzix.:^t:z:' « - 

rf^if^ill^hes^^j^n^^^ 

*  Oxygen  and  many  other  Fig.  1. 

gases  are  collected  in  the 
Pneumatic  Trough  by  dis- 
placing water  from  a  jar. 
In;order  to  obtain  moder- 
ately pure  oxygen,  apply 
the  heat  of  a  spirit-lamp 
to  a  mixture  of  4  parts 

by  weight  of  Chloratelof 

Potassa'and  1  part  of  Bin- 
oxide  of  Manganese,  oon- 

tained.inaflask,  as  seen  in 

the  accompanying'figure. 

The ,  bottle  or^  jar.  which 

is  to  contain  [the  gas  is  ^ 

the  water  In  the  trough     it;  Sf^M  """f  **  '*''™"'  *»  «"««»  "t 
of  the  tube  1.  pi.  J;..™'-'''':'"?'''^  Of  gM  hare  escaped,  the  end 

"  •"'ft".  .to,p.«.,  and  another  ^  JeSTrJ^^^J"  "  «"«■ " 
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there  is  only  65  per  cent,  of  pure  Oxide,  and  hence  the  quanUtr 
of  0  obtained  is  only  =  3  of  the  above  amount. 

103.  When  MnO^  is  treated  with  HO,  SO3  (Sulphuric  Acid) 
and  heated,  it  yiejds  one-half  its  O. 

Thus  MnO^  +  H0,S03  =  O  +  MnO  +H0,S03. 

104.  Very  pure  O  may  be  obtained  from  Chlorate  of  Potassa 
(KO,ClOs)  by  heating  it  in  a  flask  to  redness.     The  following 


^.^ Chloride  of  Potassium. 

ClOs  =  35-6  of  a  +  40  of  O.  and  KO  =  39of  K+8  of  0. 

Hence  100  parts  of  K0,C10,  give  40  parts  of  O,  or  1  oz. 
Troy  gives  192  grains  or  561  cubic  inches  of  0. 
.-.  1  oz.  of  KO,ClOs  =  6  oz.  of  MhO^  as  a  source  of  0. 

105.  In  practice,  O  is  most  easily  obtained  from  a  mixture  of 
4  parts  KO,  ClO^^  and  1  part  MnO^ .    Here  the  heat  required  is  less 
than  one-half  that  necessary  to  decompose  either  the  KO  CIO 
or  the  MnO^  alone.     All  the  O  comes  from  XhtKO.ClO^,  the 
MnO^  remaining  unchanged. 

106.  In  this  case  the  MnO^  appears  to  act  by  its  mere  presence, 
and  is  said  to  ac_t  by  Catalysis  or  to  produce  Catalytic  Action 
(kata,  "against"  or  "by  contact,"  and  luo,  "I  loosen,"  i.e.  to 
loosen  by  contact). 

107.  A  very  good  mode  of  obtaining  O  is  to  heat  Bichromate 
of  Potash  with  excess  of  Sulphuric  Acid.  Thus  J2"0,2  Cr  O3  +  4 
iHO.SO,)  ^KO,SO,  +  Cr,0,  +  3S0,  +  4H0  +  0„  i.  e.  3 
equiv.  of  O  are  set  free. 

\ 

BXPBBIIOSKTS. 

I.  Introduce  a  glowing  stick  into  a  jar  of  0;  it  instantly 
buf its  into  ifarne.    Product  Carbonic  Acid  =  CO,. 
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of  0  set  free. 


Propel.  cill'Aoa"'''  ""  """'  "'"'  ^'"  "'"""^r. 

III.  Introduce  a  piece  of  charcoal  into  a  Jar  of  0  •  it  h„™. 
with  exceeding  energy.    P.„d„ct,  Carbonic  Acid 

siphnrriTd.'  "'"'  °'  '"""""  '-'»  » J"  »'  «•     P"-., 
V.  lotroduceapieceofphosphoruaintoaiarof  O.  ♦»,«  r  u. 

eCret^xrrpii^^r-^"*^^^^^^^^^^^^ 

prL'-„jrrrZi:i::ranis„;tr '"'"  -  -  -^  ''• 

common  ai  "  '"'  '°°«"  """■  '"  ""  ""«  "■»««>'  of 

flai^.' J«*  ?°"  ""'  ""P""*  ""■«  "  «'«''k  1"  placed  in  the 
flame  of  Hydrogen,  and  a  jet  of.o  be  cast  upon  it,  the  light  wilt 

^h.^Tthrc:rf"/n  "*'"■'"''  "™»-8"e»  iat  oftt  sun 
A 018  IS  the  celebrated  Drummond  Light. 

tabTe'jifr'*  "^  ''  '°'''*'""^  '"PP"'^  ^^  the  processes  of  yege-" 

canp^"n^  '^'f  '''  *°  °^^'^''P''  ^'  ««<^°^^  form,  and  is  then' 
called  Ozone  (o«o,  "I  smell").  "w  «  men 

thfHL^/°"*J'  P'°^"''^  ^y  P*'«^°«  *  ««"es  of  electric  sparkr 

0^  Ig  g  nt  w^^^  r  T:  ^^  ^'^  "*°^*  p-"^"^ 

«m.u     V^^      icnown.     It  may  be  detected  by  its   DecuI.W 

S;:; te^p'otr  "■  '■  '■  r^"  « '" » -" 

-_,,.  '°°'°®  <^*  Potassium  containinjr  starch.     Tha  n,...*- 

-hichin,ta..i;rerth:Vta:ch°"''''' ""'  "'"'"•*"•  '»•"-' 

0 


^4  OXYGEN. 

111.  Compounds  of  0  with  other  bodies  are  termed  Oxides, 

112.  Oxides  are  divided  into  three  classes. 

I.  Alkaline,  or  Basic  Oxides,  or  Salifiable  Bases. 
II.  Neutral  or  Indifferent  Oxides. 
III.  Acid  Oxides. 

If  M  represents  a  metal  or  an  electro-positive  body,  the  basic 
axides  are  constituted  as  follows : 
JlfO=Protoxide,  usually  the  most  powerful  base.      Ex.  KO ; 

CaO;  FeO;  MaO,  &c. 
JlfjOasrSesquloxlde,   a  weaker  base.      Ex.  Fe^Oi;  M^O^  ; 

JIfngOs,  &c. 
.afOgrzDeutoxide,  a  still  weaker  base.    Ex.  PbOt ;  MnO^,  Ac. 
JlfgOrrSuboxlde,  a  very  feeble  base,  the  weakest.  Ex.  Ca^O,  &c. 
The  compounds  of  0  and  Manganese  furnish  a  good  illustration 
of  the  different  oxides. 

Protoxide  of  Mn-MnO^  a  powerful  base.  )  g^g.^  Oxides. 
Sesquioxide  of  Mn=zMng,  O3,  a  feeble  base.  ) 

,*      ,*  «        .  ,      ,.     .  -A  ^  Indifferent 

Deutoxide  of  Mn—MnO^^  neither  basic  nor  acid.  J  Qxide. 

Manganic  Acid=i»f«0;i,  a  strong  acid.  ?  .   .^  ^  ., 

Permanganic  Acid=J»fn207,  a  vety  strong  >  Acid  Oxides. 
iRcid.  > 

Prom  this  it  may  be  inferred  that  in  a  family  of  oxides  of  an 
electro-positive  body,  the  most  powerful  base  is  that  containing 
one  atom  of  0 ;  and  that  as  the  quantity  of  0  increases,  the  oxide 
passes  from  basic  to  indifferent,  and,  finally,  from  indifferent  to 
ftcid. 

113.  dombustlon  may  be  defined  to  be  "  chemical  combina- 
lion  attended  by  light  and  heat." 

O  has  been  termed  a  supporter  of  combustion,  as  distlnjruished  from  a 
cowOmsUble  body,  such  as  P.  But  we  are  not  to  suppose  that  the  0  has 
any  greater  or  any  di^erent  share  in  the  combustion  than  the  P.  It  so 
happens  that  the  0  is  a  gas  while  the  P  is  a  solid .  Heat  and  light  therefore 
(^pear  to  proceed  from  P  alone,  because  the  combustion  or  chemical 
combination  can  only  take  place  where  the  two  bodies  are  in  contact.  In 
reality,  both  bodies  are  equally  concerned  in  the  production  of  light  and 
heat;  and  we  may  with  equal  accuracy  consider  0  a  combustible  and  P  a 
supporter  of  combustion,  as  P  a  combustible  and  0  n  supporter  of  com- 
bustion. 
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In  all  combuBtlon  In  our  atmosphero,  tho  boat  and  light,  u  above 
explained,  appear  to  proceed  from  what  la  called  the  corabuatJble  or 
burning  body  became  It  is  solid  or  liquid,  or.  If  a  gas.  Issues  from  a  jet  and 
is  surrounded  by  an  atmosphere  containing  O,  which  can  only  act  on  the 
combustible  at  the  surface  of  the  latter.  But  this  is  merely  appearance; 
for  while  a  Jet  of  ^  burning  in  a  Jar  of  O  appears  to  give  out  the  light  and 
the  heat,  a  Je  of  0  burning  In  a  Jar  of  ^  seems  equally  to  be  tho  source 
of  heat  and  light,  which,  in  both  cases,  proceed  from  the  combination  of 
tne  (J  and  If.  ' 

If  our  atmosphere  consisted  of  Coal  Gas,  we  should  have  to  search,  not 
for  coal  to  burn  in  it.  but  for  substances  capable  of  yielding  0.  such  as 
Manganese,  Chlorate  of  Potash,  tc. 

114  Many  substances  slowly  unite  with  0,  without  the  visible 
manifestation  of  light  and  heat,  as  when  iron  rusts,  or  wood 
decays  in  the  air. 

115.  FiasT  Law  of  CoMBUSTtoN.— J  given  amount  of  a  corn* 
bustible  body,  whe-^  burned,  will  always  furnish  a  constant  amount 
of  heat,  v:hether  the  combustion  occupies  only  a  few  moments  or 
lasts  during  many  years. 

lie.  Sbcond  Law  oi-  Combustion.— TAc  amount  of  heat  evolved 
bears  a  close  relation  to  the  amount  of  0  consumed. 

Thus  a  lb.  of  O  combining  with  H,  or  with  charcoal,  or  wifj  alcohol. 
Oeyelops  nearly  the  same  amount  of  heat  in  each  case,  and  will  raise  29 
lb5  of  water  from  320  f.  to  212o  F.  The  amount  of  heat  evolved  by  eauS 
weights  of  different  combustibles  combining  with  O,  is  w  follows : 

1  lb.  of  Carbon  raises  78  lbs.  of  water  ttoxo.  32°  to  212o  Fi 
"     Alcohol      "    08       "  ««  ,1 

"     OilorWax"    90       "  •'  .. 

"     Hydrogen "  236       "  "  .. 

S  Jiri  n*  ?wTS°''  '^"'^  ^*  ^^''  °^  ^'  ^""^  1  ^^-  of  ^combines  with 
8  lbs.  of  0/  that  is,  H  consumes  three  times  as  much  O  as  C  consumes 
and  consequently  gives  about  three  times  aa  much  heat  """^es, 

117.  The  elements  of  most  substances  used  for  illuminating 
purposes  Are  chiefly  fl^and  C.  The  affinity  of  0  for  H  is  superior 
to  Its  affinity  for  C;  It  therefore  seizes  upon  the  i7  first,  burning 
it  With  intense  heat,  the  solid  C  being  at  the  same  time  set  free 
The  particles  of  the  C  being  thus  heated  to  luminous  whiteness,' 
producs  the  light  which  is  emitted  from  the  jSame.  The  lumi- 
nous particles  of  C  floating  forward,  as  they  are  liberated,  to 
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the  surface  of  the  flame,  come  in  contact  with  the  O  of  the 
atmosphere  and  pass  off  as  Carbonic  Acid,  while  the  H  is  con- 
verted into  water. 

118.  Wher  the  burning  body  contains  both  elements  but  a 
disproportionate  amount  of  C,  as  in  Spirits  of  Turpentine,  more 
of  it  is  set  free  than  can  be  consumed  by  the  0,  and  the  flame 
smokes.  When  the  /f  is  in  excess,  as  with  Alcohol,  there  is  much 
Wt  but  little  light  and  smoke.  When  mingled,  these  fluids 
correct  each  other's  defects,  and  form  the  basis  of  "  burning 
fluids." 

119.  Common  flame  is  not,  as  it  appears,  a  solid  cone  of  fire, 
but  a  hollow  luminous  shell.  This  may  be  shown  by  holding  a 
piece  of  metallic  wire-gauze  over  the  flame. 

The  dark  central  portion  is  constantly  filled  with  gases  formed 
from  the  tallow  or  oil  by  heat.  A  portion  of  these  gases  may 
be  conveyed  away  by  a  glass  tube  and  Ignited  at  a  distance 
from  the  flame. 

120.  In  the  common  flame,  several  parts  may  be  distinguished 
thus: 

I.  A  faint  bluish  exterior  cone,  a,  where  the  com- 

bustion is  complete. 

II.  A  bright  luminous  inner  cone,  c,  consisting 

chiefly  of  particles  of  C  intensely  heated. 

III.  An  interior  dark  mass,  6,  consisting  of  uncon- 
sumed  gases. 


LECTURE  VL 

HYDROGEN. 

121»  HyDrodbk.    Symb.  H;  Equiv.  1 ;   Comb.  vol.  1 ;  Spec. 
Grav.  0.0694;  100  cubic  inches  weigh  2.14  grs. 


122.  H  is  the  lightest  of  all 
being  only  one-sixteenth  that  of  a 


known  substances, 
tmoBpheric  air. 


its  weight 
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pertaining  to  it,  as  commonly  prepared,  arises  from  impurities). 
If  a^'lthf  ^*  °°":^"'"^^^'  ^"'  »  non-supporter  of  combustion. 

directly  the  flame  comes  in  contact  with    t,  and  the  taper  is 
extinguished  by  being  immeraod  in  the  gas.  ^ 

flaL?'  ^'  ''^'''  ^''^''"^  ^"'''  *'"'''  ""'^^  *"  *^'"°»*  J'^^J'Jt^l* 

126.  Pure^  may  be  breathed  without  Injury,  as  it  is  not 
poisonous.  It  nevertheless  produces  a  peculiar  effect  on  the 
voice,  imparting  to  it  a  shrill  squeaking  tone. 

the^waTt  ofV""''"^  '"  *°  atmosphere  of  /f  would  soon  die  foij 

127.  A  jet  of  H  produces  musical  sounds  when  burned  in  elass, 
tubes  of  different  lengths.  This  Jtfu.ic  of  Science  is  produced 
by  the  successive  explosions,  which,  in  reality,  constitute  the^ 
flame,  causing  the  air  to  vibrate  within  the  tube. 

128   fl-has  never  been  reduced  to  the  liquid,  much  less  to  the 
solid  form,  nevertheless  many  chemists  suppose  it  to  be  a  hiffhlr 
volatile  metal.    Its  gaseous  form  is  no  objection  to  this  theory 
for  mercury  and  certain  other  metals  are  very  easily  volatilized! 

untn^  T^  ^'  ^''P*''^  ^'°°'  ^^  ^y  *^«  *««o°  of  ^Cl  or 
nUftiU^.    Iron  filings  may  be  substituted  for  Zn* 


To  prepare  Hydrogen  for  experimental  pur- 
poses, we  obtain  a  wide-mouthed  bottle,  and  pass 
two  tubes  through  the  cork,  as  in  the  accompany, 
jng  figure-the  upright  tube  reaching  to  within 
half  an  inch  of  the  bottom  of  the  bottle,  and  the 
other  merely  penetrating  through  the  cork.    In 
this  bottle  we  place  an  ounce  or  two  of  zinc  cliD- 
pings  or  iron  filings,  and  about  one  third  fill  the 
bottle  with  a  mixture  of  1  part  sulphuric  acid 
and  5  or  6  parts  water.    The  gas  that  first  escapes 
must  not  be  collected,  as,  being  mixed  with  the 
O  of  the  air  contained  in  the  bottle,  it  would 
cause  an  explosion.     The  iras  i««n«-  f^n^  T. 
uent  tube,  and  may  be  collected  over  the  pneur 
watic  trough  in  the  same  manner  as  0. 


Fig.  3. 
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RK- ACTIONS. 


HO, 


Zn. 


fl"  set  free. 


;:.Chlotide  of  Zinc. 


130.  When  dilute  Sulphuric  Acid  is  used  in  place  of  Hydro- 
chloric Acid  the  pe-action  may  be  represented  as  follows  : 


Water 


Zinc 


HO.SO^ 


~H  set  free. 


Or  more  probably  as  follows  :— • 


Water 


Sulpbikte  of  Zinc, 


JET  set  free, 


H0,S03 


ater- 


:=aSulph.  of  Zinc. 


131.  H  unites  with  0  to  form  water— with  CI,  Br,  I  and  F  it 
forms  powerful  acids  the  general  formula  of  which  is  ffAf  where 
JIf  represents  one  atom  of  a  metalloid— with  C,  8,  P,  Se,  and  Jls 
it  forms  combustible  gases ;  with  iV'it  forms  Ammonia,  and  pro- 
bably two  other  compounds,  Ammonium  and  Amidogen. 


GXPBRIMENTS. 


I.  Plunge  a  lighted  taper  into  a  jar  of  H  (kept  inverted  in 
order  tc  prevent  the  escape  of  the  H),  the  taper  is  extinguished, 

— _  .,,  „  ^„»,  p^-i.iLf.a  ciutTij  up  buc  1U3IUU  oi  me  jar. 

Upon  gradually  withdrawing  the  taper,  it  rekindles  ^s  it  passes 
through  the  burning  H, 
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II.  Mix  in  a  softened  bladder  one  volume  of  0  with  two 
▼olumes  of  F,  and  tie  the  neck  of  the  bladder  tightly.  Then 
having  obtained  a  lighted  taper  attached  to  the  end  of  a  long 
stick,  pierce  the  bladder  with  the  blade  of  a  penknife,  and,  stand- 
ing as  far  off  as  possible,  apply  the  flame  to  the  orifice.  The 
gases  instantly  combine  with  a  loud  explosion,  and  form  water. 

III.  Pill  an  India-rubber  gas-bag  with  H,  and  attach  to  the 
stop-cock  a  hydrogen  pipe  for  blowing  bubbles.  Dip  the  pipe 
in  a  strong  solution  of  soap,  turn  the  stop-cock  and  press  the 
gas-bag.  A  bubble  is  thus  formed  which  detaches  itself  from 
the  pipe,  and  rises  through  the  air  on  account  of  the  great  levity 
of  ^.    These  bubbles  may  be  exploded  by  a  lighted  taper. 

132.  If  two  volumes  of  fl"  and  one  volume  of  O  be  mixed  and 
fired,  by  electricity  or  otherwise,  water  is  formed.  Indeed  water 
is  formed  whenever  H  burns  in  atmospheric  air;  and  if  it  all  be 
collected,  it  will  be  found  to  be  just  nine  times  the  weight  of  the 
J7  consumed. 

133.  If,  in  a  graduated  tube,  210  volumes  of  H  be  mixed  with 
100  volumes  of  0  and  the  mixture  exploded,  10  volumes  of  H 
will  remain  unchanged.  If  the  proportions  had  been  200  vol- 
umes of  H  and  110  volumes  of  0,  10  volumes  of  O  would  have 
been  left.  Hence  2  volumes  of  H  unite  with  1  volume  of  0  to 
form  water. 

134.  Water  may  be  analyzed  by  Galvanic  electricity.  Thus : 
When  the  electric  current  of  a  powerful  battery  is  made  to  pass 
through  water  in  an  apparatus  so  contrived  that  the  gas  given 
off  at  each  electrode  is  received  into  a  graduated  tube,  it  is  found 
that  when  the  tube  at  the  positive  electrode  is  half  full,  the  tube 
at  a  negative  electrode  is  quite  full ;  and,  on  examination,  the 
gas  in  the  latter  is  found  to  be  pure  H,  while  that  in  the  former 
is  pure  0.  The  proportion  by  volume  is  evidently  2  of  Jf  to  1 
of  O,  and  by  means  of  the  specific  gravities  of  gases  we  obtain 
the  proportion  by  weight  of  1  to  8. 

WATER. 
135.  Water,  symbol  HO,equiv.  9,  is,  at  ordinary  temperatures, 
a  colorless,  tasteless  and  inodorous  liquid  ;  assumes  the  solid 
form  at  32°  F.,  and  becomes  gas,  steam,  or  vapor  at  212°  F. 
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136.  The  point  of  greatest  density  of  water  is  39 -20  F.  Th« 
Specific  gravity  of  ice  is  0-92.  1  cubic  Inch  of  water  expands 
Into  1  cubic  foot  of  steam.  1  cubic  foot  of  water  weighs  1000 
ounces  avoirdupois  ;  one  gallon  weighs  10  lbs. 


137.  Water  is  the  most  powerful  solvent  known, 
acid  nor  basic,  but  is  perfectly  neutral. 


It  is  neither 


138!  The  compounds  of  water  with  acids  and  bases  are  called 
hydrates;  as  HO.SO^,  hydrated  80^,  HO,KO,  hydrated  KO,  Sec, 
to  distinguish  them  from  anhydrous  80.^,  anhydrous  KO,  Ac. 

139.  The  combination  of  water  with  other  bodies  is  often 
attended  with  much  heat.    Ex.  HO  and  jSO,  ;  CaO  and  HO. 

140.  Water  combines  with  neutral  salts  in  two  conditions. 
In  the  one  it  is  easily  expelled  by  heat,  and  the  salt,  if  crystal- 
lized, falls  to  powder.  This  is  called  water  of  crystallization, 
and  its  quantity  is  often  very  great ;  as,  for  example,  in  Alum, 
which  contains  24  equivalents.  In  the  other,  a  portion  of  water, 
generally  1  equiv.  is  combined  with  the  salt  by  so  powerful  an 
affinity  as  to  be  with  some  difficulty  separated.  This  is  called 
saline  water.  In  formulae,  water  of  crystallization  is  sometimes 
represented  by  aq.,  and  saline  water  by  HO.  Thus :  green 
vitriol  is  represented  as  follows :  FeO,SOi-\'HO-\-6  aq.  That 
is,  1  equiv.  of  sulphate  of  protoxide  of  iron,  1  equiv.  of  saline 
water,  and  6  equiv.  of  water  of  crystallization. 

When  this  salt  is  gently  heated,  the  6  equivalents  of  water  of 
crystallization  are  expelled,  but  the  1  equivalent  of  saline  water 
can  only  be  expelled  by  a  red  heat. 

141.  The  solvent  power  of  water  is  generally  increased  by 
heat,  so  that  a  hot  saturated  solution  of  any  salt  usually  deposits 
crystals  on  cooling.  There  are  a  few  remarkable  exceptions  to 
this  law.  Thus :  common  salt  is  nearly  equally  soluble  in  water 
of  all  temperatures,  and  certain  organic  salts  of  lime  dissolve 
more  freely  in  cold  than  in  hot  water. 

142.  Water  also  dfasQlve^  combines  with  cr  n.b?,nrb<>  jts  it  is 
Cfl^liOd,  many  gaseous  bodies.    The  gas,  in  this  case,  is  supposed 
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tZlZ  *"  "■'"'V'*"'  *"*  "'  "»* '"«'»  »»  «'»"•  bod,.,  t. 
...un>e  the  ga^on,  form,  it  Is  obylons  that  heat  mnst  dtototah 
.Bd  eold  mcrease  the  solvent  power  of  water  for  gases.    In- 

.t  would  do  under  ordinary  circum.tances-evidently  because 
pressure  favors  the  liquefaction  of  a  gas  by  forcing  the  parUcl  s 
into  closer  contact. 

143   A  small  portion  of  any  one  gas  dissolved  in  water 
generally  very  greatly  diminishes  its  power  of  dissolving  other 

144.  The  proportion  of  different  gases  taken  np  by  water  is 
very  variable.    In  its  natural  state  it  absorbs  of 

fy^^^e^^ 1.6  per  cent,  of  its  volume. 

Nitrogen i.g        «  « 

Oxygen 4.0        «  u 

defiant  Gas 12. 5        «  « 

Carbonic  Acid...  100.0        «  « 

Hydrochloric  Acid  Gas  an  amount  =  480  times  its  voiume 
Ammonia  u        '  ^  ^g^  ,, 

145    In  consequence  of  the  great  solvent  power  of  water  it  is 
never  found  pure  i:.  nature.  Even  rain  water,  which  is  the  purest. 

tr^r^'i^f  °'  "■*'''  °^  ^^^'  ^^3,  and  sea-salt.     When  rain 
water  has  filtered  through  the  soil,  and  reappears  as  spring  or 

derived  from  the  earth,  such  as  sea-salt,  gypsum,  and  lime. 

wa^ftf-^^n V^'/'°P°'"°"  ""^  ^^''  ^'''''^^'^  ''^^^  is  ««>all,  the 
water  is  called  soft;  when  large,  it  is  called  hard  water. 

«o?f  ^^.^^'^  ""**'"  "  "'''*"^  preferred  as  a  drink-the  mineral 
salts  dissolved  in  it  and  its  free  carbonic  acid  gas  impart  to  it  a 
Slight  but  agreeable  taste.  It  is  not,  however,  as  healthy  a 
beverage  as  soft  water,  and  is  much  inferior  for  all  domestic 
purpoeeB,a8  tea  or  coffee  making,  or  where  solution  is  to  be 
effcceu,  since  it  Is  already  partly  saturated,  and  dissolves  addi^ 
tional  substances  but  imperfectly. 
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148.  When  water  becomes  so  highly  charged  with  foreign 
matters  as  to  have  an  unpleasant  taste  or  to  acquire  medicinal 
virtues,  it  is  called  mineral  water. 

140.  Of  mineral  waters  there  are  several  kinds,  as  chalybeaU 
waters,  containing  Iron ;  sulphurous  waters,  containing  Sulphur ; 
acidulous  waters,  containing  free  Carbonic  Acid  gas  ;  alkaline 
waters,  containing  the  Carbonates  of  Potash  and  Soda  ;  and 
saline  w'^*eTa,  containing  neutral  salts  generally,  as  Sea-salt  and 
Sulphate  of  Magnesia  (Epsom  salts). 

160.  The  only  way  to  obtain  perfectly  pure  water  is  by 
distillation. 

161.  Water  plays  a  most  important  part  in  nature.  It  is  one  of 
the  chief  mechanical  agents  in  the  disintegration  of  rooks,  as  it 
enters  the  crevices,  and  there,  freezing,  bursts,  by  its  expansion, 
the  fragments  asrmder.  Both  gases  and  minerals  enter  the 
roots  of  plants  dissolved  in  water.  It  forms  the  bulk  of  sap  ;  it 
constitutes  80  per  cent,  of  the  blood  and  74  per  cent,  of  the  flesh 
of  animals,  and  is  the  natural  beverage  of  all  adult  creatures. 

DSnTOXlDB  OF  HYDROaKN  OB  OXYaSNATBD  WATBR. 

152.  Hydroger.  forms  a  eeoond  compound  with  0,  termed  Deu- 
toxide  of  Hydrogen,  Symb.  HO^  =  1  •?.  It  is  a  syrupy  liquid,  of  a 
di.s3greeable  odor,  and  a  nauseous,  bitter,  astringent  taste.  It 
is  not  frozen  by  intense  cold.  It  is  easily  decomposed,  often 
with  aa  explosion,  and  sometimes  with  a  flash  of  light. 


LECTURE  VII. 

NITROGEN. 

168.  NiTROGBN.       ymb.  N;  Equiv.  14  ;  Comb.  Vol.  1  ;  Spe- 
cific Gravity,  0-9T22.     100  Cubic  inches  weigh  30-1  grs. 

154.  Nitrogen  is  obtained  most  readily  by  the  action  of 
burning  phosphorus  on  a  portion  of  air  confined  over  water. 


air. 
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The  phosphorus  unites  with  the  O,  forming  phosphoric  acid 
which  IS  absorbed  by  the  water,  and  nearly  pure  Nitrogen  left! 

166.  i\rmay  also  be  obtained  by  causing  a  current  of  chlorine 
gas  to  pass  through  a  solution  of  Ammonia  in  a  proper  apparatus, 
and  with  due  caution.  FF^rams, 

156.  Perfectly  pure  i\r may  be  obtained  by  heating  a  concen- 
mlts  1       ""^  ^^P°°"^^*«  of  Ammonia,  the  reaction  being  as 


AmmonJA  [ 


Water . . 

Hyponi- 
trous 
aoid. . . 


/  eqoiv.  water. 
3  eqair.  water. 
&  N.  set  tree. 

157.  Nitrogen  was  discovered  by  Rutherford  in  1772  •  and 
was  called  Azote  or  life-depriver.  It  was  afterwards  called  Nitro- 
gen, from  its  being  one  of  the  ingredients  of  Nitre  or  Saltpetre. 

168.  iVis  a  colorless,  transparent,  permanently  elastic  gas- 
has  neither  taste  nor  smell ;  has  no  action  on  colored  tests ;  is  a 
perfect  non-supporter  of  combustion,  and  is  chiefly  distinguished 
for  Its  negative  properties,  i.  e.,  it  exhibits  no  tendency  what- 
ever  to  enter  into  combination  with  other  substances. 

159.  Almost  all  the  compounds  of  iVare  very  easily  decom- 
posed and  many  of  them  are  even  dangerous  from  their  tendency 

"?  /.^°°'  """'^  '"^^*  '^*"'^«-  The  most  important  com- 
pounds  of  iV^are  those  with  O  and  H. 

160   Nitrogen  forms  an  important  constituent  of  atmospheric 
IT,  wh.ch  13  a  mechanical  mixture   chiefly  of  nitrogen  and 


air 
oxygen. 


NoTB,-The  if  in  the  atmosphere  serve*,  the  purpose  of  diluting  the  0, 
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161.  Tbe  composition  of  the  Atmosphere  is  as  follows ; 

BY  WEIGHT.  BY  UlASCBK. 

Nitrogen,        TT  parts  T9-19)       .„      , 

Oxygen,  23     «  2081  $  ^"^  »  "^^^^ 

Carbonic  Acid,        from  4  to  6  parts  in  10,000. 

Light  Carburetted  Hydrogen  «        '<        « 

Aqueous  vapor,  variable. 

Ammonia,  a  trace, 

162.  The  amount  of  0  in  atmospheric  air  may  be  measured  in 
several  ways. 

I.  By  passing  air  through  a  tube  containing  pure  metallic 
spongy  copper  heated  to  redness.  The  copper  combines 
with  the  O,  and  the  N  is  collected  and  weighed.  The 
loss  of  weight  gives  the  amount  of  0. 

By  placing  a  stick  of  phosphorus  in  a  graduated  tube 
containing  a  known  quantity  of  air  standing  over 
water.  The  0  is  slowly  absorbed,  and  the  loss  of 
volume  gives  the  amount  of  0. 

By  explosion  with  the  Eudiometer.  A  known  volume 
of  H  is  introduced  into  a  known  volume  of  atmos- 
pheric air,  and  exploded  ;  one-third  the  loss  in  volume 
being  the  O. 

Figure  4  represents  the  Siphon  Eudio- 
meter of  Dr.  Ure.  This  consists  of  a  bent 
glass  tube  having  a  bore  of  about  one-third 
of  an  inc'i  in  diameter.  The  tube  is  open 
at  one  end.  and  closed  at  the  other,  and 
near  the  top  of  the  closed  limb  two  plati- 
num  wires  are  melted  through  the  glass, 
so  as  nearly  to  touch  one  another  within 
the  tube.  Finally  the  closed  limb  of  the 
Eudiometer  is  carefully  graduated.  "When 
required  for  use,  the  instrument  is  filled 
with  mercury,  and  the  portion  of  air  to 
be  examined  is  then  introduced  into  the 
closed  limb.  The  mercury  is  now  adjusted 
so  as  to  have  the  same  level  in  each  limb, 

null  f.ho  rtiian+Sf^r  rti*  iiii.   |mfw/>'9««A^y4  ^^^^„, j  i —   At--    t  —  x-» .  * 

_j .J ,.j  ,„  ,i„  jiiiiyauvcu  meaauruu  uy  liiu  gruuuuiuu  scaic     as 

nearly  as  possible  half  as  much  Hydrogen  is  then  introduced,  and  the  level 
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«»«  "frcury  again  adjusted.  One  of  the  platinum  wires  is  now  con 
nected  with  the  outside  of  a  charged  Leyden  jar.  and,  having  fim  dosed 
the  open  end  of  the  Eudiometer  with  the  thumb  or  w  th  a  tif  ht  cork  an 
electric  sparlc  is  passed  through  the  confined  gas  and  air.  The^inlntiy 
unites  with  the  O,  and  the  mercury  rises  in  the  closed  limb      ^'"'^^''^y 


Thus :  suppose  Air  introduced 
Hydrogen 


=  100  measures. 
=  50      " 


Air  and  Hydrogen         =  150       '« 
Volume  after  explosion  =   87       " 

Loss  of  Volume       =   63       " 
Then  63  ^  8  =  21  =  measures  of  O  in  100  measures  of  Air. 

163.  100  cubic  inches  of  atmospheric  air,  under  the  usual 
conditions,  weigh  about  31  grains. 

rru^^'J^l^  ""5  ^^^  ^^'  *'  constantly  consumed  by  animals. 
The  exhalations  from  the  skin  and  lungs  of  a  single  human  beinir 
Vitiate  or  spoil  for  breathing  10  cubic  feet  per  minute,  or  90,000 
gallons  of  air  per  day.  Also  combustion  retnoves  0,  and  in  both 
cases  the  result  is  Carbonic  Acid  Gas  which  is  poisonous  to  ani- 
mals. On  the  other  hand,  plants  constantly  absorb  Carbonid 
Acid,  and  exhale  0.  Thus  plants  and  animals  mutually  prepare 
the  air  for  supporting  each  other's  life. 

165.  The  atmosphere  is  partly  kept  pure  by  the  remarkable 
law  of  gaseous  diffusion.  Thus  if  two  bottles  connected  by  a  tube 
and  stop-cock  be  placed  one  over  the  other,  and  if  the  upper  be 
filled  with  any  light  gas,  and  the  lower  with  a  heavy  gas,  and 
if  the  stop-cock  be  turned  so  as  to  allow  a  communication  to 
exist  between  the  two  bottles,  in  a  short  time  the  gases  will  be 
found  to  be  intermixed.  That  is,  in  opposition  to  the  law  of 
gravity,  the  light  gas  descends  and  the  heavy  one  rises,  and  the 
two  intermingle. 

COMPOUNDS  OP  NITEOGBN  WITH  OXTOBK. 

iee.  Nitrous  Oxide  ;  Protoxide  of  Nitroobn;  Laughing  Gas. 
Symb.  NO  __  22.    Is  a  colorless,  transparent  gas ;  has  a  faint 
smell  and  a  sweetish  taste;  is  slowly  absorbed  by  water;  spec 
grav.  1-527;  is  prepared  by  applying  a  moderate  heat  to  pure 
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Nitrate  of  Ammonia,  and  may  be  collected  over  tepid  or  warm 
water;  liquefies  at  0°  under  a  pressure  of  30  atmospheres ;  sup- 
ports flame;  is  not  poisonous,  but  produces  a  remarkable  effect 
when  inhaled. 

167.  Nitric  Oxidk;  Dbutoxidb  of  N;  Nitrous  Gas.  Symb. 
iVOj  =  30.  Is  a  colorless,  transparent  gas ;  seizes  0  when  in 
contact  with  air,  and  forms  red  fumes  of  nitrous  acid  gas ;  best 
obtained  by  treating  copper  clippings  with  dilute  nitric  acid ; 
is  collected  over  water;  extinguishes  some  flames,  but  supports 
others.    Spec.  grav.  1-041, — has  no  action  on  colored  tests. 

168.  Hyponitrous  Acid.  Symb.  NO^  =:  38  ;  is  obtained  with 
difficulty;  is  a  very  volatile  liquid,  which  is  colorless  while 
cold)  but  at  ordinary  temperatures  becomes  green ;  combines 
with  bases  to  form  byponitrites ;  reddens  vegetable  blues. 

169.  Nitrous  Acid;  Hyponitrio  Acid.  Symb.  NO^,  =r  iQ^ 
Is  obtained  by  mixing  one  vol.  of  0  with  2  vols,  of  dry  Nitric 
Oxide  in  an  exhausted  receiver;  is  a  deep  red  vapor,  condeu- 
Bible  to  an  orange  liquid  at  0",  and  solidifiable  at  a  lower 
temperature.  The  liquid  boils  at  82''j  and  has  a  spec.  grav.  of 
1*45,  that  of  the  vapor  being  3- 19.  IfO^  is  an  acidj  but  docs 
not  form  salts  with  bases,  being  decomposedj  and  byponitrites 
and  nitrates  formed ;  reddens  blue  tests. 

170.  NiTRXd  Acid.  Symb.  NO^  =  54*  This  most  impor- 
tant of  all  compounds  of  N  and  0  has  recently  been  ob- 
tained perfectly  anhydrous.  The  hydrate  is  best  obtained  by 
distilling  a  mixture  of  equal  Weights  ofbydfated  sulphuric  adid 
ab4  of  nitre  or  saltpetre  (i,  e.  nitrate  of  potash.) 
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171.  J^itric  Acid  is  a  colorless,  intenselj  acid  liquid ;  spec, 
grav.  1-45;  a  powerful  deoxidizer  j  c  mbiaes  with  bases  to 
form  nitrates,  reddens  blue  strongly,  exi.Us  in  nature  as  Nifate 
of  Potash,  Sec,  formed  in  the  air  by  electric  sparks  and  flashes 
of  lightning;  is  used  in  the  arts  to  oxidize  and  dissolve  metals  ; 
13  of  great  importance  in  dyeing,  metallurgy,  and  medicine. 

COMPOUNDS  OF   NtTROGBN   tflTH    HTDROGKN. 

172.  Nitrogen  is  supposed  to  form  three  Compounds  with  H, 
viz. :  Amide  or  Amidogen,  Ammonia,  and  Ammonium,  of  which 
Ammonia  alone  is  known  in  the  separate  state. 

173.  Ammonia;   Volatilb  Alkali;   Spirits  of  Hartshorn. 
Symb.  NH3  =  n,  occurs  in  nature  in  the  urine  of  animals  as  urate 
of  ammonia ;  in  combination  with  HCl  as  sal-ammoniac  ;  and 
in  the  air  as  a  constant  result  of  the  putrefaction,  decay  and 
combustion  of  organic  matters  containing  N.    Ammonia  was 
formerly  obtained  from  tho  destructive  distillation  of  horn  and 
was  hence  called  hartshorn.    It  is  a  transparent  and  colorless 
gas,  which  is  converted  Into  a  liquid  by  a  pressure  of  about  SJ 
atmospheres,  and  is  similarly  condensed  by  a  temperature  of 
40'*  P. ;  by  a  very  intense  cold  it  is  frozen  to  a  white  crystal- 
line  mass ;  it  has  a  powerful  and  peculiar  pungent  smeli  and 
taste ;   is  strongly  alkaline,  aad  is  hence  called  the  volatile 
»lkali ;  acts  powerfully  on  colored  tests  ;  is  obtained  by  heating 
sal-ammoniac  with  quick  lime;  is  slighUy  combustible,  but  is 
a  non-supporter  of  flame;    its  spec.  grav.  is  0-5902;  readily 
combines  with  acids  to  form  salts  ;  water  absorbs  160  times  its 
v«lume  of  ammonia,  and  forms  aqua  ammonije. 

174.  Amidb  or  Amidoqkn.  Symb.  NH^  =  16.  A  hypotheti- 
tal  compound ;  has  never  been  obtained  separately,  but  is  sup- 
posed to  exist  in  combination  with  metals,  as  Amides,  and  in 
organic  compounds. 

175.  Ammonium.  Symb.  NH,  ==  18.  Is  also  a  hypothetical 
compound,  i.  e.,  does  not  exist  in  a  separate  state,  but  is  sup- 
posed to  exist  in  an  independent  state  in  some  of  the  comnnnn^a 
of  Ammonia,  as  a  metal  NH^,  or  as  an  oxide  NH4O'. 
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LECTURE    VIII. 

CARBON. 

I7d.  Carbok.— Symb.  C;  Equiv.  =  6  ;  Comb.  vol.  of  (bypo. 
thetical)  vapor  =  1.  Name  from  carbo^  a  coal.  Exists  in  three 
allotropic  states. 

177.  I.  Diamond—found  in  India,  Borneo,  Brazil,  &c. ;  crystal- 
lized in  regular  octahedrons;  is  sometimes  colored,  but  the 
transparent  is  considered  the  most  valuable  ;  is  the  hardest  sub- 
stance known;  infusible,  but  is  combustible  at  a  white  heat;  can 
only  be  polished  or  cut  with  its  own  dust ;  is  used  as  a  gem,  also 
for  cutting  glass  and  for  pivot  rests  in  delicate  machinery,  as 
Watches,  &c.    Diamonds  are  sold  by  the  carat  (3-2  grains),  and 
they  increase  in  value  in  proportion  to  the  square  of  their  weight. 
The  average  value  of  a  wrought  diamond  of  one  carat  is  $40, 
therefore  value  of  one  of  2  carats  =  40  X  4  =  $160,  one  of  10 
carats  =  40  X  100  =i  $4000,  of  100  carats  =  $400,000,  &c. 
The  largest  known  diamond  is  probably  the  "  Kooh-i-Noor " 
(mountain  of  light),  which  was  discovered  in  the  mines  of  Gol- 
conda  three  hundred  years  ago,  and  is  said  when  rough  to  have 
weighed  900  carats.    It  has  been  reduced  by  cutting  to  279 
carats,  and  although  never  sold  is  said  to  be  worth  $10,000,000. 
It  has  caused  several  wars,  and  has  been  six  times  violently 
wrested  from  its  possessors.    It  now  belongs  to  the  crown  of 
England.    If  a  piece  of  diamond  and  a  piece  of  pure  soft  Iroti 
be  sealed  together  and  exposed  to  an  intense  heat,  the  iron  is 
converted  into  steel,  thus  proving  the  diamond  to  be  carbon. 
Diamond  is,  in  fact,  the  purest  kind  of  C. 

178.  II.  Graphite— Plumbago— Blacklead— is  the  second  allo- 
tropic form  of  C.  This  rarely  occurs  in  crystals  which  are  six- 
sided  prisms.  It  is  sometimes  rendered  impure  by  containing  iron 
Which  varies  in  quantity  from  a  trace  up  to  5  per  cent.  It  resists 
a  veiiy  intense  heat,  and  is  therefore  used  for  making  crucibles, 
also  used  to  diminish  friction,  and  in  the  manufacture  of  black 
lead  pencils. 
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b-t  the  fi„e  par.il  JZZtJCu^  X'"  f"  "'  '""' 
glass  ;  is  used  for  fuel  •  when  n„r.  f    ''»™>  ""d  Msily  scratch 

indestructible.-char red  stl       '       "'  '""'°"'  «™°  i  "  ""7 

earth   wi.hou;  decorpos   t     .hTZt""'""'  '""'  '"  *"• 

cbarcoa,  is  its  abs„rbLr7„;e^  ^     ™r.T°?r?!l  ■" 

Amm„ui,,35ti.esi.sbulkofCarbouicTcidL    9„Vo.  h'/,' 
N;  also  absorbs  a  laree  auan.i.„  „f  „..  ^        "'  °'"'  '  "' 

coal  is  supposed  ,o  prss  ,o  's^a^  I^  oVs^^;  '"V  """■ 
absorbent  capabilities  arise  its  a^tiputtsceL  l/r:'  7"."' 
powers;  newly  prepared  charcoal  .  d'smfecting 

«r  fi.h  ;  the  i/side  oVcIs^strha,  ^^XT;:!:'" '^'  "='" 
Charcoal  is  used  a,  a  filter;  from  itsabsob.  power  also?'"' 
the  great  value  of  its  action  upon  soils.  "'" 

182.  Carbon  exists  native  in  the  Diamnn,!  p-.-i,-.     ^ 

rn.::r^ra:r.rirEH^^^^^^^^ 
«-"  organi.ed  tisi::  '::^;:ij:,  ::zrr^^r 

whi:r;::iixzr%tr/-tri:^:rd 

bone-b  ack  or  ivorv.hlflr.L-  o^^  •     i.  wuues  is  termed 

p...  Of  ii„e ;  it"^  httnXtT:^  Sir::"  t;; 

Tne^rpu^T """  ^^""'^"^^  °^  ^'  ^'^'^  '-Pbu:;:  Which' 

COMPOUNDS  OF  CARBON  AND  OXYGDN. 

184.  Carbon  unites  with  0  to  form  several  nnn^n.,,.^.  ., 

€:;VnTir°'^'"'^^^^^^^^^^^ 
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185.  Oabbonio  Oxid»,  Symb.  CO=z  14,  Spec.  Gravity  0-972, 
is  obtained  by  heatin^r  in  a  retort  1  part  of  finely  powdered  Fer< 
rocyanide  of  Potassium  with  ten  parts  of  Oil  of  Vitriol ;  may  be 
collected  over  water;  is  transparent  and  cHorless  ;  has  neither 
taste  nor  smell ;  is  poisonous  when  respired  ;  extinguishes  flame, 
but  burns  itself  with  a  clear  lambent  blue  flame,  generating 
Oarbonio  Acid  ;  is  a  compound  radical. 

186.  Cabbomio  Acid  -,  Fixed  Air  ;  Mefhitic  Gas  ;  Choke  Damp. 
Bymb.  COg=22;  Spec.  Gr»v.  1-527. — Exists  in  the  atmosphere; 
is  formed  by  combustion,  respiration,  fermentation,  decay,  and 
volcanic  action  ;  exists  also  in  Oarbouates  of  Lime,  Magnesia, 
Iron,  Copper,  &o. 

187.  Carbonic  Acid  may  be  formed  by  burning  any  of  the 
forms  of  carbon  in  air  or  in  0,  or  oy  decomposing  a  carbonate 
by  a  more  powerful  acid ;  it  may  be  collected  over  water  with 
considerable  loss,  or  by  simple  displacement. 

188.  COt  is  a  transparent,  colorless  gas  ;  soluble  in  water ; 
poisonous  if  respired  ;  a  non-supporter  of  combustion ;  liquefles 
undei'  pressure  of  40  atmospheres,  and  when  the  pressure  is 
suddenly  removed,  a  portion  abstracts  heat  and  becomes  gas, 
the  remainder  becoming  a  solid,  like  8now,wbich,  when  dissolved 
in  ether  and  allowed  to  evaporate,  produces  the  most  intense 
cold  known  ( — 200'*  F.) ;  a  bottle  of  mercury  of  several  pounds 
may  be  frozen  in  a  few  minutes  if  placed  in  contact  with  this 
mixture.  The  acid  powers  of  CO2  are  so  very  feeble,  that  it 
scarcely  reddens  blue  tests  ;  combined  with  bases,  it  forms  car- 
bonates, and  it  is  expelled  with  effervescence  from  these  com- 
pounds by  every  other  acid,  except  hydrocyanic.  T  is  essential 
to  the  growth  of  plants,  and  is  employed  in  the  manufacture  of 
the  various  carbonates  and  of  effervescing  mineral  water ;  causes 
stupor  and  finally  death  if  mixed  with  air  even  in  the  proportion 
of  1  to  10;  is  exhaled  from  fissures  in  the  earth  in  volcanic 
countries,  a^,  for  example,  in  the  Grotto  del  Cano,  the  Valley  of 
Death,  &c. 

m 

189.  Oxalic  Acid,  Symb.  CjOj-j-Sfl'O,  is  obtained  hj  acting 
on  sugar  by  nitric  acid  and  purifying  by  crystallization  ;  exists 
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cr.sta.nne  solid,  subn.i„;::  l^nZ'o  T-  I'T  ,'  '  ""''''' 

Jtroagly  acid  ;  reddens  vegetable  blues  mJh'  ^°  '"'''' ' 

for.  oxalates  ;  is  ver,  pofsonou       n   dote ".  :,"r ''  '""  '' 

190.  The  other  compounds  of  V       Tn  "'^^^esia). 

CsO^-^HO;  Hhodo.orAe'rc^/;Lo"'.''r"'^  ^^"'^^ 
CaO,+HO.  '  ^v->-,+iHO,  and  Mellitic  Acid' 

COMPOUNDS    OF    CAHBOV    *«,x   „ 

i^ARBON   AND  HYDBOQKN. 

101.    The  compounds  of  C  with  //  „ 
belong  ehiefl,  .„  organic  che.istT;     fbe  llr"  °"""°"'"'  ""O 
carbons  are  Light  Carburetted  h;/  .    """"'"""■y^™- 

Percha,  Caoutchouc,  Vaph  ha  Cam^    ""■'  •^'°'"'"'  ""»-  O^'t. 

"•4  grains;  produces  .he  hubbies  adJn^  T    °  '""""'  "«*'' 
nant  water;  is  obtained  in  the  V.l!      .     ^     "^  P""''  "^  »tag. 
of  40  parts  Crystallised  A^'etaeSorr    '  '"""«  "  "'■'""' 
Potassa  and  60  parts  of  quiTlfll     "'T  """'  ''^^""  »' 
lected  over  water;  is  a  color  es"!'!  """'"'  "  -"'^  "e  c„l. 
flame,  hut  burns  itself  wi  h  a    1;""^:";  «»»  '  """^'-hes 
nearly  destitute  of  smell  •  i,  „„f     II        "'""'' '  ""       Pur-  is 
-iark  ;  forms  an  e.^  "e' :  ^e  :uh  ""'°"  "  '''""■'  '^"  "■' 
Of  O,  or  8  volume,  of  air  to  ^  gar  most"'™,""-""'  '  "'"">«= 

more  than  ,5  ■voI.°°i'S'°'Jr  """"  """=■'  " '"'  "^  «■"-  6  vol,  „,  „,„ 
ten"e the exploslv'e ^i^L" r^afttv? ■"  "^  ""'.  «"  ""^"S 

-'rr;-:rh;',fr^"-~^^^^^^ 

weighSJVgrails:  mal  w  I!!^™'- .»"»  ^  '«^  ^^bio  inches 
of  Alcohol  with  6  or  f^oim'so""'  "'  T''"^  '  ^"^  ^^  "«'«!-» 
-  «  eo.or.ess  gas,  which  by  ool^^a^.^^ :"  t^X'; 
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when  pure  has  neither  taste  nor  smell ;  extinguishes  flame,  but 
burns  itself  with  a  splendid  light ;  is  the  most  important  consti- 
tuent of  coal  or  illuminating  gas.  1  vol.  of  C2H^,  mixed  with 
3  Tols.  of  0  or  15  vols,  of  air,  explodes  with  ejctreme  violence ; 
mixed  with  its  own  vol.  of  Chlorine,  the  two  gases  rapidly  dis- 
appear and  produce  an  oilj  liquid,  hence  the  name  olefiant; 
when  mixed  with  twice  its  vol.  of  Chlorine  the  mixture  burns  oflF 
with  a  red  flame,  and  an  immense  quantity  of  smoke,  which  is 
carbon,  is  deposited  in  the  solid  form. 

194.  Coal  Gas  is  obtained  from  the  destructive  distillation 
of  bituminous  coal  in  iron  cylinders  kept  at  a  bright  red  heat ; 
the  volatilized  products  are  conducted  through  a  horizontal 
pipe  of  large  dimensions  (called  the  hydraulic  main)  ;  they  next 
traverse  the  refrigerator  or  cooler  where  tar  and  ammoniacal 
liquor  condense  ;  the  residue  ia  purified  from  CO^  and  Sulphu- 
retted H  in  lime  purifiers,  and  from  ammonia  by  passage  through 
dilute  Sulphuric  Acid. 

195.  Methyle  =  Cs^a  ;  Ethyle  =  C^ifa  ;  Amyle  =  C^QH^^  ; 
Acetyle  z=.C^H^]  are  hypothetical  compound  radicals. 

196.  Naphtha  C^H^ — Mineral  Naphtha  exists  native  in  Italy, 
Russia,  &c.  Coal  Naphtha  is  obtained  during  the  destructive 
distillation  of  coal ;  both  kinds  are  colorless  liquids,  having  a 
spec.  grav.  of  about  0-800  ;  are  very  inflammable  ;  dissolve  most 
resins  and  oils;  are  used  as  solvents  for  caoutchouc.  Mineral 
Naphtha  is  also  used  to  preserve  Potassium,  Sodium,  and  similar 
oxidizable  substances. 

COMPOUNDS   OF  CARBON   AND   NITROGEN. 

197.  Cyanoobn,  C^N  or  Cy,  is  obtained  by  heating  6  parts  of 
dried  Ferrocyanide  of  Potassium  with  9  parts  of  Bichloride  of 
Mercury.  It  may  be  collected  over  mercury.  Spec.  Grav.  1'82  ; 
is  a  transparent  colorless  gas,  which  is  rapidly  absorbed  by  water. 
It  may  be  condensed  into  the  liquid  state  by  a  pressure  of  4  at- 
mospheres, and  is  then  solidifiable  by  a  cold  of  30** ;    has  a 

Ponafiialinnr    rtonnlior  nrlnr  liira  nil    nf    Kiftai.  almnnila  •     ;_    t.!_i-i_ 

poisonous  ;  extinguishes  flame,  but  burns  itself  with  a  beantifal 
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Aeid  or  br  decomposing  ifhvq  f  """"■■'  "'«■  Hydrochloric 
the  ™porV  .  cold  „7„i  [ttL"'"""'"  "•  "■'  "■"»'■■»'»» 
veryvoLuie,  .„d  solidifying  by  th,  S?'  "°'°'""  "'""■' 
It  i-.  highly  pois„„o„,f  spec^grav  „;o"'^"T""""• 
borning  With  a  bright  fl.-,.  •  '  "  "omhustible, 
which  i,pr.„„tedTth!^r'  '""'P'o-  «°  decomposition 
It-  acid  Powersll^f  ,  r".r/»  *"»»  "'"^  »">«  acid.' 
from  carbonates.    Idl^??        '""""^'"'""'"""oAeid 

♦pares  HCy)  u  caution^v  "°''  <"  "■"•"  ?"«  "'ter  +  3 

y)i3  cautiously  employed  in  medicine. 


LECTURE  IX. 
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o'ar3.^,T;;r^-^^:^f-;•3-iOomb.vo..:^^ 

ScheeIeinl7r4-„am.L^,  *  *'"""'  ™  discovered  by 

".ay  be  prepa  ed  TLZ:''''"'-t'''°''  "■'"'"'^  «--' 
droohiorio  icid,  a.  foiCfJ'""'*'  "^  """e*"'"  ""h  Hy- 
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201.  Chlorine  may  be  collected  by  displacement  or  over  tepid 
water;*  it  is  a  transparent,  greenish  yellow  suffocating  poisonous 
gas,  soluble  in  cold  water,  condensible  under  pressure  of  41 
atmospheres  to  an  oily  fluid  whose  spec.  grav.  is  1-33.  CI  has  a 
strong  aflSnity  for  metals,  with  which  it  forms  Chlorides ;  when 
dry  it  has  little  action  on  vegetable  colors,  but  when  moisture 
is  present  it  bleaches  them  ;  is  a  strong  disinfectant ;  its  bleach- 
ing and  disinfecting  powers  are  due  to  its  strong  aflSnity  for  H 
which  it  takes  away  from  coloring  and  putrescent  substances, 
thus  decomposing  them ;  is  very  irritating  to  the  lungs  when 
breathed,  yet  it  is  said  to  alleviate  symptoms  of  consumption 
when  respired  in  very  minute  quantities.  Workmen  employed 
in  bleaching  establishments  and  other  places  where  Chlorine  is 
used,  are  said  to  suffer  but  little  from  consumption.  CI  is  said 
to  quicken  the  germination  of  seeds.  Water  absorbs  twice  its 
volume  of  this  gas,  assumes  a  green  color,  and  is  then  called 
Chlorine  water. 

EXPBBIHBNTS. 

I.  Dip  a  roll  of  paper  in  turpentine,  and  then  place  it  in  a  jar 

of  Chlorine. 

II.  Drop  some  pulverized  metallic  Anti- 

mony into  a  bottle  of  CI. 

III.  Put  a  small  piece  of  gold  leaf  into 
some  Chlorine  water. 

IV.  Mix  a  few  drops  of  Chlgrino  water 
with  some  ink. 

V.  Introduce  a  piece  of  printed  calico 

into  some  Chlorine  water. 

*  In  order  to  prepare  Chlorine  we  obtain  a  mode- 
rately large  glass  flask  which  we  fill  to  the  extent 
of  not  more  than  one-third,  with  a  mixture  of  1 
measure  finely  powdered  Black  Oxide  of  Manga- 
nese and  H  or  12  measures  of  liquid  Hydrochloric 
Acid.  Beneath  the  flask  we  place  the  flame  of  a 
Bpirit>lflJ]ip,  and  collect  the  gas  by  simple  dis- 
placeineiit:  9S  exhibited  in  the  arrftngement  rep- 
resented in  the  accompanying  figure. 


Fig.  5. 
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VI.  a^onglj  perfume  a  handkerchief,  and  drop  some  Chlorine 
water  upon  it. 
VII   Drop  a  piece  of  metallic  Sodium  into  somo  CI. 
VIII.  Introduce  a  piece  of  dry  Phosphorus  into  a  jar  of  a 
IX.  Mix  2  vols,  of  Cl  with  1  of  defiant  Gas,  and  fire  the  mixture. 
X.  Mix  1  vol.  of  C/with  1  of  defiant  Gas  over  water. 

OOMPOUKDS   OF  OPLOBlNf  AHD  O^OWr. 

Jl^l'J^TT'''''  ^''^'  ^^'  "  *°  °~°»« y«»o^  liquid 

0x1  nf  i'      ''  '  ""^  "  ^^^'^^'^^^  ^'y  ^°«°»  °f  Chlorine  on  Red 
uxide  of  Mercury,  the  reaction  being  as  follows : 

Chlorine  «        . , 

^  Hypochlorous  Add 

■   =  mo. 


Oxide  of  r  Oxygen 

Mercury  / 

=  HgO.  I  Mercury, 

Chlorine, ""^  „. ,    . ,     .. 

■  ^.^lisOhloride  of  Mercnrr 

=  HgCl. 

a-^n   7Z,1  ^rfrr  ^''^  "  ""''^  y«"°-.  «Pec.  gray. 
2  9n^  Is  readily  absorbed  by  water  to  the  extent  of  200  volumes  • 
explode,  by  heat  or  by  mere  contact  with  many  combusUb  e 
substances,  so  that  experiments  with  it  require  the  grertest  '^ 
tion  ;  its  solution  bleaches  powerfully. 

203.  CHLOHons  ACID,  C/0„  is  a  greenish  yellow  gas,  not  lique. 
fied  by  a  COM  of  50  P.,  decomposed  by  ligbt,  also  by  he;t  of  llo', 
my  be  made  by  cautiously  acting  on  small  quantities  of 
Chlorate  of  Potash  by  Sulphuric  Acid  with  very 'gentle  heat 

of  iTand     f^'  7  •''"  '"""^^  '''"^  '''^''  — '  the  heat' 
ill  n  ?  ^'^°^  s^ffi'^ientto  cause  its  decomposition. 

Its  smell  IS  peculiar,  almost  aromatic:  "posmon. 

ExPKRiMEKT.-Place  a  little  Chlorate  of  Potash  and  a  few 
crumbs  of  Phosphorus  in  a  small  jar  of  water,  and  by  means  of 

a  dropping  tube  treat  it  with Sulphurj/.  a.ia  ♦».-  n  u  . ., 

Chlorous  Acid  set  free.  «  «•  m  mi© 
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204.  Chlobio  Acid,  C/O,,  is  formed  when  CI  is  passed  through 
a  hot  and  strong  solution  of  any  alkali,  as  potash ;  or  when  Chlo- 
rate of  Baryta  is  dissolved  in  water,  and  Sulphuric  Acid  added  so 
as  to  exactly  precipitate  all  the  baryta  as  sulphate.  ClO^  doea 
not  exist  independent  of  a  base  except  in  solution  which  is  a  thick 
syrup-like  sour  liquid,  decomposed  by  a  heat  of  100«  P. ;  forms 
salts  termed  chlorates,  which  are  quite  ^^ermanent,  but  which 
explode  by  friction  or  percussion  when  b\  contact  with  a  com- 
bustible, as  sulphur,  phosphorus,  or  charcoal. 

206.  Pbhohlorio  Acid,  ClO^^  is  formed  by  the  action  of  oil  of 
vitriol  on  hyperchlorate  of  potash.  It  has  not  been  obtained  quite 
anhydrous ;  its  hydrate  is  a  white  volatile  crystalline  solid,  very 
deliquescent  and  very  soluble  in  water  forming  a  colorless 
faming  sour  liquid,  which  has  a  spec.  grav.  of  1-66,  and  which 
boils  at  about  400°. 

OOMPOtTKDa  Ol-  OHLOEINB  AND  HYDROGBIT. 

206.  Hydboohlorio  Acid,  Symb.  HCl^  is  a  transparent  colorless 
gas;  spec.  grav.  1-262;  fumes  in  the  air,  absorbing  moisture. 
HCl  is  obtained  by  the  action  of  Sulphuric  Acid  on  common 
salt. 

.  C/. 
Common  Salt 

'  Na 


Sulphuric  Acid  - 


ro 


207.  Hydrochloric  Acid  extinguishes  flame,  is  a  powerful  acid, 
reddens  litmus  and  also  turmeric  paper,  may  be  liquefied  by  a 
pressure  of  40  atmospheres  ;  is  very  soluble  in  water,  the  solu- 
tion forming  the  common  or  liquid  Hydrochloric  Acid  of  the 
shops.' 

208.  Two  measures  of  HCl  mixed  with  one  measure  of  NO^ 
form  the  Aqua  Regia  or  Nitro-muriatic  Acid  of  chemists. 
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«f  f  ®:  ^^i?'"*  ''°^*"'  ""^^^  ^*°  ^°^°»  Perchloride  of  Nor  Oil 

ammoniac  by  C/.    Perchloride  of  iV  is  a  vellow  ns w  a  *i 
insoluble  ia  water,  and  most  violently  ex^^Jetl  d'a^gerot' 


LECTURE  X. 

IODINE,  BROMINE,  FLUORINE.. 

210  IoDiNB,S7mb.  J;  Eqnir.  127  j  Comb.  Vol  rranor^  i  . 
Spec.  Gray.  4-948:  Spec.  Grar.  of  vapor  8-7  /L-  ^  \  ' 
covered  by  Courtois  of  Paris  iu  the^ear  i812  wa'  n"'  T.  ''" 
ion  "a.  Tiolfif »  ,-n  oil,   •  "  '""  y""  isiz  ;  was  named  from 

Z  .1  u    "''''  *°  "'  P^^'P^^  f"°>e«;  native  sources 

are  sea  water,  rough  sea  salt,  various  marine  nlant^  ^nll  °     , 

.ome  mineral  springs  and  obtain  rarHeld  at     it:    7T'i 
IS  obtained  by  heating  the  uncry.tallizable  residue  of  ke  p^  half 
vitrified  ashes  of  sea  weeds,  prenared  hv  ih.         7     i  , 
We.te™  isle.)  wiu.  Oxide  of  k'^XtVoir  "'  '"' 

an   Iodine  fa  a  blniah  black  semi-metalUo  looltioe,  friable 
ctj,tolltee  solid,  easily  yolatUe,  fuse,  at  226»,  and  boils  at  360o 
fomlng  Tiolet  colored   vapor,  is  soluble    a  7000  til   uj 
rol  of  water  much  more  soluble  in  Alcohol  or  in  so    Hons  of 
the  .od.des  of  the  alkaline  metals ,  is  used  in  the  arts  for  dye  w 
and  also  m  medicine.    Iodine  communicates  to  the  skTn  a  2t 
t.v.  y«lIow  state,  and  exhales  a  strong  odor  like  that  o?the  seL 
beach.    Phosphorus  takes  fire  spontaneously  in/.    lodin  gi'« 
a  bine  color  to  a  solution  of  starch,  and,  in  fact,  starch  a^d/ 

rmrSer"-  '  '"""  '"'"  '"'""'"■"-  ""!"  -»«"-« 

aia  /  unites  with  ff  to  form  Hydriodic  Acid,  fl/=  128.  which 
1,  obtamed  by  gently  heating  a  mixture  of  l'  part  phospio  us 
and  16   od,ne  stratified,  in  a  small  flask,  with  moistened  sand 

.™Vn  *  *T """"l'  °"''"'''"'  ""  «»'•  "^y  auffocatiog  to  thu 
snell,    and  greatly  resembling  Hci.    It  has  a  spec,  gra,   of 

fiable  by'cold.  ""'''^'  co^aensiDie  by  pressure,  and  solidi- 
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313.  /  uaitea  with  0  to  (ovm  Iodic  Acid  and  Periodic  Acid. 

214.  Iodic  Acid,  10^,  is  a  white  solid,  obtained  by  the  action 
of  strong  NO^  on  /.  It  is  soluble  in  ether,  alcohol  and  water, 
forming  a  strong  sour  solution,  which  is  decomposed  by  heat. 
/Og  forms  iodates  which  much  resemble  the  chlorates. 

215.  Periodic  Acid,  IOj,  is  a  white  solid  hydrate,  and  is  ob- 
tained by  decomposing  periodate  of  silver  by  water.  It  forms 
white  crystals  which  fuse  at  266*  and  are  decomposed  by  a  higher 
temperature ;  lOj  readily  dissolves  in  water, 

216.  /unites  with  N  to  form  Iodide  of  iV^r^iST/g  ;  which  is  a 
black  solid  substance  extremely  explosive. 

217.  /  also  forms  two  compounds  with  Chlorine  and  one  with 
Bromine. 

BEOMINE. 

218.  Bromine,  Symb.  Br;  Equiv.  80 ;  Comb.  Vol.  (vapor)  1 ; 
Spec.  Grav.  2-966,  of  vap.  5-39.  Br  was  discovered  by  M. 
Balard  of  Montpelier  in  the  yea?  1826,  and  was  named  from 
Bnmos  "  fetor."  It  is  found  in  sea  water,  mineral  springs, 
mother  liquor  of  kelp,  native  bromide  of  silver,  &c.  ;  is  obtained  * 
by  action  of  Chlorine  on  bittern  and  subsequent  agitation  with 
ether,  which  dissolves  the  Br  and  carries  it  to  the  surface. 

219.  Bromine  is  a  deep  red  volatile  liquid,  solidifies  at  40", 
boils  at  113«,  giving  off  a  red  vapor.  It  is  slightly  soluble  in 
water,  more  freely  in  alcohol,  and  most  abundantly  in  ether  ;  the 
aqueous  solution. bleaches  ;  J5r  bears  a  marked  resemblance  to 
CI  and  /;  it  supports  the  combustion  of  P  and  many  metals, 
and  forms  bromides  which  are  analogous  to  the  chlorides. 

220.  Br  unites  with  H  to  form  Htdrobromic  Acid,  HBr,  which 
is  scarcely  distinguishable  from  HCl,  and  is  obtained  in  a  similar 
manner  to  Hydriodic  Acid. 

221.  Br  unites  with  0  to  form  Bbomio  Acid,  BrOg,  which  exists 
only  as  an  aqueous  solution,  and  is  obtained  in  the  same  man- 
ner as  Chloric  Acid. 
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222.  Fluorine,  Symb.  F;  Equiv.  19  ;  was  discovered  by  Davy, 
and  named  from  its  existence  in  Fluor-spar;  it  has  not  been 
isolated,  ..  e.,  is  known  only  in  combinations ;  it  bears  a  close 
analogy  to  C/,  Zander. 

223.  F  unites  with  If  toform  Hydrofluoric  Acid,  HF,  which 
IS  obtained  by  action  of  Oil  of  Vitriol  on  Fluor-spar  (Fluoride  of 
Calcium);  is  a  very  volatile  liquid,  strongly  acid  and  corrosive  ; 
burns  the  skin  like  red  hot  iron,  and  produces  a  sore  very  diffi- 
cult to  heal ;  both  the  acid  and  its  vapor  rapidly  decompose 
glass  and  corrode  it,  uniting  with  the  silica,  and  are  hence  used 
for  etching  on  glass. 
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LECTURE    XL 

SULPHUR. 

224.  Sulphur,  Symb.  S;  Equiv.  16  ;  Comb.  Vol.  (vapor)  i  ; 
Spec.  Grav,  2-000  ;  called  also  Brimstone  (i.  e.  burnstone  or  burn, 
ing  stone) ;  exists  nearly  pure  in  volcanic  regions  as  Sicily,  India, 
South  America,  &c. ;  is  also  found  in  combination  wtth  metals' 
as  ««/Miie«;  also  as  Sulphuric  Acid  in  the  sulphates,  as  gypsum- 
also  in  organic  matter.  ' 

225.  Sulphur  is  obtained  from  the  sulphides  by  heat,  which 
vaporizes  the  S  ;  is  obtained  pure  from  common  brimstone  by  sub- 
limation ;  is  a  pale,  yellow,  brittle,  tasteless,  inodorous  solid,  fuses 
at  226»  and  boils  at^OOO-  giving  off  a  deep  brownish  yellow 
vapor  or  gas,-.up  to  390«  it  is  liquid,  at  that  point  it  becomes 
thick  and  viscid,  is  fluid  again  at  or  near  the  boiling  point,  and  on 
coolmg  goes  through  the  same  series  of  changes.  If  kept  heated 
to  between  500°  and  600^  for  some  time  and  then  poured  in  a  thin 
stream  into  cold  water  it  becomes  a  flexible  viscid  mass  easily 

pressed  into  any  shane.  and  much  nottd^hr+'ii'ln^ ♦-  -*  — -j-i- 

&c. ;  this  form  passes  gradually  into  the  brittle  variety. 
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226.  Sulphur  unites  with  the  metals  to  form  sulphides ;  it  unites 
with  them  in  a  manner  similar  to  0  and  CI;  S  is  insoluble  in 
water,  but  is  soluble  in  alcohol,  ether  and  oils ;  also  in  Bisul- 
phide of  Carbon  and  Chloride  of  Sulphur  j  is  very  combustible, 
and  burns  at  a  very  low  temperature. 

227.  Brimstone  is  usually  sold  in  rolls  which  are  cast  in  a 
mould ;  flowers  of  sulphur  is  obtained  by  vaporizing  sulphur 
and  condensing  it  in  chambers  ;  a  third  variety,  lac-sulphur  is, 
which  is  a  precipitate  of  a  white  color,  is  prepared  by  treating 
Persulphide  of  Potassium  with  Hydrochloric  Acid. 


OOMPOONDS   OF  SULPHUR   AND   OXYGEN. 

228.  Sulphur  forms  several  compounds  with  O,  the  most  im- 
portant being  Sulphurous  Acid  and  Sulphuric  Acid. 

229.  Sulphurous  Acid,  SOg  ;  8pec.grav.2-210 ;  is  formed  when 
5  is  burned  in  the  air  or  in  0  or  by  treating  SulphuricAcid  with  Mer- 
cury ;  is  a  transparent  gas,  condensible  by  a  pressure  of  two  atmos- 
pheres and  solidifiable  by  cold ;  extinguishes  flame,  is  irrespirable, 
and  has  a  suflfocating  odor.  Water  absorbs  about  50  times  its 
own  vol.  of  50a  forming  liquid  Sulphurous  Acid  or  more  properly 
a  solution  of  Sulphurous  Acid  ;  this,  if  exposed  to  the  air,  absorbs 
O  and  is  converted  into  Sulphuric  Acid.  SO^  combines  with  bases 
to  form  sulphites.  5O3  possesses  considerable  bleaching  pro- 
perties, and  is  used  in  the  arts  as  a  means  of  removing  colors. 

230.  Sulphuric  Acid,  5^0  j,  is  the  most  important  of  all  acids, 
and  has  been  known  since  the  15th  century  ;  is  prepared  in  two 
modes.  First,  when  green  vitriol  (green  Sulphate  of  Iron)  is  dis- 
tilled, a  dark  oily  liquid,  hence  termed  oil  of  vitriol,  passes  over ; 
this  is,  in  reality,  German  or  Nordhausen  oil  of  vitriol,  = 
HO,  SO.^  +  5O3— a  very  strong  corrosive  oily  liquid,  having  a 
spec.  grav.  of  1*900. 

231.  The  second  method  of  manufacturing  Sulphuric  AcM  de- 
pends upon  the  fact  that  when  Sulphurous  Acid,  Hyponitric  Acid 
and  water  are  all  nreaenf.  in  nortnin  ni«nnnft>opq   tba  fi!l1nl,.l«y^»., 

Acid  becomes  oxidized  at  the  expense  of  the  Hyponitric  Acid, 
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which,  by  the  loss  of  one-half  its  0,  sinks  to  the  condition  of 
Binoxide  of  Nitrogen.     Thus : 

Hyponitric       ( ^  ~_ =^Binoxide  of 

Acid N0^..'\  ^*  -" "  N  =  NOt, 

2  Equiv.  of      f  S^ 

Sulphurous  < 
Acid  =250^^04 

2  Equiv.  of      C  _ Z=^2(ffO,SO,) 

Water J      2  HO  -_  g  Equiv. 

ofHydrated 
SO^. 

232.— Hydbatbd  Sclphubio  Acid,  or  common  oil  of  vitriol,  is 
a  colorless  oily  liquid;  spec.  grav.  1-84,  solidifying  at  Ifio  and 
boiling  at  620O ;  is  an  intensely  acrid,  powerful  acid,  which 
destroys  organic  matter  rapidly;  combines  with  bases  to  form 
sulphates;  displaces  almost  all  other  acids  inconsequence  of 
the  strong  affinity  which  it  has  for  bases  ;  is  used  in  the  arts  in 
the  manufacture  of  soda,  nitric  acid,  muriatic  acid,  chlorine 
bleaching  power,  sulphates,  alum,  &c. ;  also  in  metallurgy.       ' 

233.  SaLPHDBio  Acid  combines  with  water  in  several  propor- 
tions. Among  the  different  hydrates,  the  following  are  the  most 
important  :— 

Hydrate  of  the  Nordhausen  Acid, HO  2  SO 

Oil  of  Vitriol  (spec.  grav.  184), HO,  SO^^ 

^'''^''^  "         "     l-'78........   J?0,  503+/ro 

^""'^^^  "         "     1-63, H0,S0,+2H0 

234.  Anhydrous  Sdlphubio  Acid,  SO,,  has  recently  been  ob- 
tamed  in  the  form  of  a  white  silky  looking  fibrous  solid,  having 
a  powerful  affinity  for  water,  fusible  at  about  75o,  readily  vola- 
tile, and  having  a  density  of  about  1-97. 

235.  Chemists  are  very  generally  agreed  that  all  the  so  called 
Oxygen  acids  are  in  reality  Hydrogen  acids.  No  well  marked 
acid  exists  in  which  H  is  not  present,  and  all  the  sulphur  acids 
possess  the  same  neutralizing  power  though  the  quantity  of  O 


I 


Ql 


62 


SULPHUR. 


they  contain  is  so  different.  H  is  therefore  to  be  considered  as 
the  "acidifying  principle,"  and  an  acid  may  be  defined  to  be  "a 
compound  of  hydrogen  with,  a  simple  or  compound  radical  in  which 
the  II  may  be  replaced  by  any  other  metal." 

236.  Tlie  following  are  the  compounds  of  S  and  0  according 
to  the  old  and  new  systems. 


Acids. 


Sulphurous  Acid, 

Sulphuric  Acid, 

Hyposulphurous  Acid,. 
Hyposulphuric  Acid,. . 

Trithionic  Acid, 

Tetratbionic  Acid,. . . . 
Pentathionic  Acid,  . . . 


Old  View. 


HO,SOi 
HO,SO.^ 
HO,S,0, 

HO,S,0, 
HO,S,0, 


New  View. 


Equivalents  whore  U 

uniU^s  with  the 

compound  radicals 

C>0:,,S03+0,  &c. 


H,SO,  H+SO,. 

H,SO^  H^(SO,-{-0). 

H,S,0,  H+(SO,-i-S) 

H,S,0,  H-{-(SO,+SO,). 

H,S,0,  H+(SO,-{-SO,-{-S). 


COMPOUNDS  OP  SULPHUR  \KD  HYDROGBN. 

237.  SuLPHURETTBD  Hydbogen,  Symb.  HS,  is  spontaneously 
generated  by  the  decomposition  of  organic  substances  containing 
sulphur;  is  prepared  by  acting  on  the  Protosulphide  of  Iron  by 
Hydrochloric  or  dilute  Sulphuric  Acid;  is  a  colorless  trans- 
parent gas,  having  a  very  offensive  and  peculiar  smell  like  that 
of  putrid  eggs;  is  condensible  under  a  pressure  of  17  atmos- 
pheres, and  is  solidifiable  by  cold ;  it  may  be  collected  over  water, 
which  however  gradually  absorbs  it.  HS  is  highly  poisonous, 
a;  d  often  causes  death ;  small  birds  die  very  soon  in  gas  con- 
taining y/oo-  of  this  gas ;  -gl-^f  killed  a  dog;  and  yfo  a  horse.  It 
has  a  spec.  grav.  of  M786;  it  extinguishes  flame,  but  burns 
itself  with  a  pale  flame  forming  water  and  SO2.  Water  absorbs 
two  or  three  times  its  vol.  of  HS. 

238.  Persulphide  of  ff  has  a  composition  of  HS^,  but  is  not  at 
all  important.     ' 


PHOSPHORUS. 
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289.  Sulphur  forms  two  compounds  with  Chlorine,  viz,  •  Sub- 
chloride  of  SzzS,  CI,  and  Chloride  of  5  =  5C/,  and  it  also 
forms  analogous  compounds  with  I  and  JBr. 

240.  With  Carbon,  Sulphur  forms  Bisulphide  of  Carbon,  C'5„ 
which  is  obtained  by  passing  the  vapor  of  sulphur  over  ignited 
Charcoal,  and  condensing  the  result  by  cold.  C5,  is  a  transparent 
colorloss  liquid,  insoluble  in  water,  possesses  a  strong  and  dis- 
agreeable fetid  odor;  spec.  grav.  1-272;  boils  at  118°;  is  very 
volatile;  dissolves  Sulphur,  Phosphorus,  most  oils,  resins,  &c., 
exists  often  in  coal  gas,  from  which  it  cannot  be  separated  by 
lime  like  the  other  sulphur  compounds. 

241.  Sulphur  and  N  form  Tersulphide  of  Nitrogen  =  NS. . 


LECTURE    XII. 

PHOSPHORUS. 

242.  Phosphorus,  Symb.  P;  Equiv.  32  ;  Spec.  Grav.  1-77,  was 
discovered  by  Brandt  of  Hamburg  in  1669,  and  named  from  'phos 
"  light,"  and  pherein  "  to  bear ;»  is  obtained  from  bone-earth,  or 
native  phosphate  of  lime,  which  is  decomposed  by  dilute  Sul- 
phuric Acid  and  the  Phosphoric  Acid  mixed  with  i  its  weight  of 
powdered  charcoal,  and  distilled.  The  P  is  thus  deoxidized,  and 
is  collected  in  water.  Great  precaution  is  necessary  in  the'  dis- 
tillation. 

243.  Phosphorus  is  a  wax-like,  nearly  transparent,  brittle,  yet 
flexible  substance,  fusing  at  1 10°,  and  boiling  at  572° ;  very  com- 
bustible; exhales  fumes  in  atmospheric  air,  which  are  iuminous 
in  the  dark;  is  insoluble  in  water,  but  is  soluble  in  Alcohol 
Ether,  oils,  Bisulphide  of  Carbon  and  Chloride  of  Phosphorus' 
and  from  the  latter  liquids  it  is  often  deposited  in  octahedral  and 
dodecahedral  crystals;  ia  very  poisonous,  but  is  nevertheless 
used  cautiously  in  medicine ;  unites  with  the  metals,  &c.,  to  form 
phosphides;   is  used  chiefly  in  the  manufacture  of  matches- 
requires  to  be  kept  under  the  surface  of  water;  takes  fire  spon- 
taneously in  CI  and  in  the  vapor  of /or  Br. 
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244.  Amorphous  P.,  i. «.,  phosphorus  ia  an  allotropic  state,  was 
discovered  bjr  Schr6tter,  and  mny  be  made  by  exposing  common 
P  for  60  hours  to  a  temperature  of  about  470o  F.  in  an  atmos- 
phere unable  to  act  chemically  upon  it.  It  is  a  reddlsh-brown 
looking  solid ;  insoluble  in  Bisulphide  of  Carbon,  Terchloride  of 
P,  or  Naphtha;  does  not  take  fire  in  air  till  heated  to  600o  ;  has 
a  spec.  grav.  of  1-964 ;  when  heated  above  600°  it  is  reconverted 
into  common  Phosphorus. 

COMPOUNDS  OF  PH08PH0BU8  AND  OXYGIH. 

246.  P  forms  four  compounds  with  0,  viz :  Oxide  of  P  =  P  0- 
Hypophosphorous  Acid  =  P0;  Phosphorous  Acid  =P0,  •  PhosI 
phoric  Acid  =  POfl. 

246.  OxiDB  OF  Phosphorus,  P^O,  produced  when  P  is  placed 
in  boiling  water  and  a  stream  of  O  cast  upon  it,  is  an  insoluble 
red  powder  which  burns  at  about  600°. 

247.  Hypophosphorous  Acid,  PO,  ia  very  little  known  ;  it  is 
formed  when  Phosphide  of  Barium  is  put  into  hot  water-  is  a 
thick  sour  liquid ;  forms  with  bases  Hypophosphites,  which  are 
all  soluble  in  water.  Hypophosphorous  Acid  has  a  great  affinity 
for  0,  and  is  therefore  a  powerful  deoxidizing  agent. 

248.  Phosphorous  Acid,  PO,,  is  formed  when  P  is  burnt  in 
rarefied  air,  or  by  acting  on  Terchloride  of  P  by  water;  the  acid 
crystallizes  with  3  equiv.  of  water  or  becomes  ZHO.PO, ;  is  a 
powerful  deoxidizing  agent;  unites  with  bases  to  form  phos- 
phites. 

249.  Phosphoric  Acid,  PO,,  is  formed  when  P  is  burnt  in  0 
or  in  free  air,  or  is  obtained  by  decomposing  phosphate  of  lime 
by  Sulphuric  Acid  ;  in  the  anhydrous  state  it  is  a  white  uncrys- 
tallizable  solid,  fusible  at  a  red  heat  and  is  then  transparent;  it 
is  very  deliquescent,  and  rapidly  attracts  moisture  from  the  air- 
is  very  soluble  in  water ;  strongly  acid ;  reddens  vegetable  blues' 
and  unites  to  bases  to  form  phosphates.  ' 

250.  Phosphoric  Acid  forms  three  distinct  hydrates  which  unite 
with  bases  forming  distinct  classes  of  phosphates.  If  we  view 
them  as  compounds  of  Anhydrous  Acid  and  water,  then  they  are 
PO,,HOi  PO,,2nO;PO,,5HO.  If,  on  the  other  hand,  we  view 
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tTiZ  Y'T  ''''^''  *^'"  '^'^  "''  ^"'^«  ^J«"««t  compound. 

r'as tii:;'::'"""^ '''''''''  '^"^"^^  ^^•^^  ^^^^-^ '- 

ph^rAc'itpo;^^  Metaphosphoric  or  Monobasic  Phos- 

PoThoTp^^^^^^^^^  ''  "'^^'^^  ^^-P^--  Acid, 

or^p7,^3T^'  ^°"""°°  °'  TribasicPhosphorlc  Acid,PO«,3/ro 

When  Commou  or  Tribaslc  P0„  is  heated  for  a  long  time  to 

41  ro  1  loses  1  equiv.  of  water,  and  becomes  P0,,2H0  or  Bi  asic 

and  this  heated  to  redness  gives  off  another  eq^iv  of  wateVrd 

become.  PO,,HO  or  Monobasic  Acid.  '  "^ 

261    The  Monobasic  Acid  forms  salts  containing  1  equiv  of 

eouiv  ofV     ."V  T  '''"^^  ^""^  ^^^™«  -'^«  Itaning/ 
equ  V  of  base  to  1  of  acid ;   and  the  Tribaslc  Acid  forms  saUs 
contaming  3  equiv.  of  base  to  1  of  acid. 

COMPOUNDS  OF  PHOSPHORUS  AND  HYDROGEN. 

J°^' Jrr"''"""""''  Hydrogen,  Symb.  PH,.  This  may  bo 
Obtained  by  heating  m  a  small  retort  hydrated  Phosphorous  Acid 
which  IS,  by  such  treatment,  decomposed  into  Phosphnretted 
Hydrogen  and  hydrated  Phosphoric  Acid.  Thus  obtained  P^ 
has  a  spec.  grav.  of  1-24  ;  possesses  a  highly  disagreeable'  odor 
resembling  that  of  garlic;  is  slightly  soluble  if  water,  and 
burns  with  a  brilliant  white  flame,  forming  water  and  phos;horic 

253.    PH    may  also  be  obtained  by  boiling  together  in  a 
retort  of  small  dimensions  Caustic  Potassa  or  hydrate  of  1  me 
water  and  Phosphorus.  ,  j    ^w  ui  ume, 

Water  \  °^^'°«'^  " ^;;;::pPhosphuretted  Hydrogen. 

(  Oxygen 

Phosphorus 


Phosphorus 
Lime 


:::^Hypophosphite  of  Limt, 
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PHOSPHORUS. 


264.  PH,  formed  by  the  latter  method  is  spontaneously  inflam- 
mable when  admitted  into  the  air  or  into  0.  PH,  exists  in  both 
a  spontaneously  inflammable  state  and  a  state  not  spontaneously 
nflammable.  It  is  said  that  the  first  may  be  changed  into  thi 
second  by  a  small  quantity  of  vapor  of  ether,  oil  of'turpentine 
&c,  and  the  second  into  the  first  by  the  addition  of  a  minute 
quantity  of  Nitrous  Acid.  »  minute 

255.  Tn  reality  there  exists  three  compounds  of  P  and  H,  viz: 

PH      T    1     'k  "^"''  '°'^'  *  ^"^'^'  ^«^'  *"d  3rd.  the  gas, 
PH,    lu  the  above  process  the  fluid  is  first  formed,  and  is  spon ' 

taneously  resolved  into  the  other  two,  thusP^jy,  =p  H+ZPH 
The  gas  PH  acquires  its  spontaneous  combustibility  by  dissolv- 

lirTn,     '''  "'"'  "'«''-    ^^'^  '^^-^  ^-<i'"  -y  other 
combustible  gas  spontaneously  inflammable. 

256.  PH,  when  kept  for  some  time  loses  the  property  of  being 
spontaneously  inflammable,  and  the  solid  Phosphide  of  Hydrogen 
P^H  IS  deposited  on  the  inside  of  the  containing  jar  or  bottle 

257.  P  unites  with  Chlorine  by  taking  fire  spontaneously  in  it, 
thus  forming  two  compounds,  PCI,  and  PCI,. 

258.  Tcrchloride  of  Phosphorus,  PCl„  is  formed  when  dry  CI 
acts  on  excess  of  P;  it  is  a  transparent,  colorless  liquid  speciflo 
gravity  1-450,  boils  at  ITS^;  funics  in  the  air,  and  his  a  Sa 
ting  odor,.  IS  rapidly  decomposed  by  water-W/  and  P 0,^110 
being  produced.  ^3,<iau 

action  p"The'?::ft''=' ''''''  Is  formed  when  CI  in  excess 
tT  at  fooo  f  '"'  ^"'■"''  ""^  ^''^'''''  *  ^^ite  solid  ;  vola- 
tile at  200O;  fumes  in  the  air;  is  decomposed  by  water  and 
resolved  into  HCl  and  P0„3H0.  **      "  oy  water,  and 

260.  P  and  iyrform  a  compound  PJVj. 

262.  When  P  and  .V  are  heated  together  under  water   th.. 

Tz.TiTr""'  "'"'"""'^  Which ::  :rai*^ 

innammable,  and  have  a  strong  tendencv  to  «,.io^g  ^:~i^-|, 
WMa  heated.  " i"0«s  riuieutly 
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LECTURE  Xin. 

SILICON. 

aas.  Silicon,  Symb.  Si;   Bqniy.  oi-a.    „.„  j. 
Berzeliu,  in  1824,  and  named  from  U,  blL  t?    *r°™«'J  "7 
of  silei  or  flint.     Si  is  o„Jr^T^    ■      '^  ""  ■""»'  ""stituent 

Of  Potassium,  and  leaves  the  «i  ZTnutZ^l  °„  ?  "'""''" 
infosible ,  has  neither  taste  nor  smeil  IZl.  •  l"'  *''  " 
O  when  strongiy  heated,  and  form.  Si";a  T  exL?°  "''  "  "" 
tropic  form  whieh  is  not  combustible.  *'««»■"»- alio- 

2^4.  ,%•  unites  with  O  to  form  «5P;«;„  *  -^ 
ThU  is  one  of  the  most  abundaT.  s^Zl:'"?'''''  ""'■ 
pure  „  rock  cr,sK  flint,  ,uar.z,  a^rjler  h'^,:  ."'"' 
oornelm  (the  three  latter  colored  b/oxide  of  S,  """P'' 
(colored  by  oxide  of  Mn),  opal,  and  cha loeVoL  ^ir^""^" 
Many  sands  and  sandstones  are  nearly  pure  Smror^s^cicTcM! 

266.  SiO,  is  obtained  pure  by  decomposing  an'alkalin.  •,• 
by  means  of  Hydrochloric  Acid,  and  washing.  «?/i  ""=**• 

cipitate  ,  is  a  snow-white  powder  ilTnsZh,!  '^'°*  *"'  '^"^ 
acids  except  Hydrofluoric  Lid  ;  f^ib  aT  thUe^hrrr  "" 
be  drawn  into  threads  ;  spec  irav  2Bnn  "'.'° ''™'-  ^"^  ™ay 
alkaline  earths  it  forms'siliUesfTl  'of :  ,  Tept  h""  '"' 
taming  an  excess  of  the  "ronger'aikalies,  are  Insoluble  ttr" 
The  greater  number  of  rocks  and  minerals  consTt  '  1  T' 
especially  those  of  alumina,  lime    ma<r„  J!        ^  '"'' 

potash,  and  soda.  The  sili  at^  Vp'^  ' in  "'  'T' 
heated  to  redness,  form  glass,  which  is^n  :  ble  fn  ^at'r  h'Z 
acid  IS  in  excess,  but  very  solnbl*.  if  tu^    n    ,.  "  *^® 

^•O  e.ters  larg^  iuto  Lt^lL^  o^ryt;^^ 
and  to  some  extent  to  that  of  ail-also  in  animals        ^'*^^^''' 

U  !f^'f 'i"""  ^""  ^""""^  **^  ^°'"^  Fluosilicic  Acid  Gas    WJf 
V.tr.01,  1.  a  transparent,  colorless  gas,  which  may  b. 
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SELENIUM — BORON. 


collected  over  mercury ;  spec.  giav.  3-600 ;  fumes  in  the  air,  is 
BtroDgly  acid,  and  is  instantly  decomposed  by  water,  being 
resolved  into  Hydrofluoric  Acid,  gelatinous  Silica,  and  Hydro- 
fluosilicic  Acid. 


LECTUEE   XIV. 

SELENIUM. 

267.  Selenium,  Symbol  Se ;  Equiv.  40 ;  was  discovered  by 
Berzelius  in  the  year  1818,  and  was  named  from  selene,  "  the 
moon."  Selenium  is  a  reddish  brown  solid  body,  with  a  semi- 
metallic  lustre,  and  having  a  spec.  grav.  of  about  4-300.  It 
melts  at  482o,  and  boils  at  1292°;  is  insoluble  in  water,  and 
exhales,  when  heated  in  the  air,  a  peculiar  odor  resembling 
that  of  horse-radish.  It  forms  with  O  two  acids,  viz.,  Sblbniods 
Acid,  SeO^,  and  Sblbnio  Acid,  SeO^.  It  also  unites  with  H,  S, 
P,  CI,  Br  and  /.  With  H  it  forms  Hydroselenic  Acid  or  Selenu- 
retted  Hydrogen,  a  deadly  poisonous  gas  which  inflames  the  eyes, 
and  for  some  hours  destroys  the  sense  of  smell. 

In  all  its  chemical  relations  Selenium  bears  a  very  strong 
and  remarkable  resemblance  to  Sulphur. 


BORON. 

268.  Boron,  Symbol  B;  Equiv.  11  ;  was  discovered  simul- 
taneously by  Davy,  Gay  Lussac,  and  Th6nard,  and  was  named 
from  its  being  the  peculiar  principle  in  Borax  (Arabic  fturwfc), 
which  is  a  biborate  of  soda. 

269.  Boron  exists  native  in  Boracic  Acid,  and  is  obtained  from 
anhydrous  Boracic  Acid  by  ignition  with  Potassium,  which  de- 
composes the  acid,  abstracting  the  O.  Thus  obtained,  it  is  an 
amorphous  brownish  olive-green  powder,  having  neither  taste 
nor  smell.  It  is  insoluble  in  water  ;  has  a  sp*  c  grav.  of  2-000  • 
and  when  heated  in  air  or  in  O  it  burns,  forming  Boracic  Acid. 
Boron  has  also  lately  been  obtained  in  two  cryatalllne  forms- 
bearing  a  close  resemblance  to  diamond  and  graphite. 
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THE  METALS. 

270.  DuMOND-BoRON,  as  obtained  in  the  laboratory,  is  a  honey- 
yellow,  or  a  garnet-red  transparent  crystalline  body,  in  lustre 
and  refractive  power  scarcely  inferior  to  the  diamond,  is  one 
of  the  hardest  bodies  known;  scratches  corundum  and  even 
the  diamond  itself;  withstands  the  heat  of  the  oxy-hydrogeu 
blow-pipe,  and  is  but  slightly  acted  upon  by  O  at  the  tempera- 
ture at  which  the  diamond  burns. 

271.  Gbaphitoidal  Boron  exists  in  opaque  lamina,  which  are 
frequently  hexagonal.  They  have  a  slightly  reddish  color,  and 
possess  the  form  and  lustre  of  native  graphite  or  plumbago. 

272.  BoBACio  Acid,  B0„  as  obtained  from  borax  by  the  action 
of  Sulphuric  Acid,  is  a  white  crystalline  solid,  having  a  compo- 
sition of  B0,,3H0.  By  a  red  heat  the  3  equiv.  of  water  are 
expelled,  and  the  anhydrous  acid  obtained.  This  has  a  weak 
taste,  being  scarcely  at  all  acid ;  it  is  slightly  soluble  in  water, 
but  more  so  in  Alcohol,  the  flame  of  which  it  tinges  green. 

273.  Boracic  Acid  unites  with  bases  to  form  borates,  ^hich 
are  all,  with  the  exception  of  the  alkaline  borates,  only  slightly 
soluble  in  water,  and  which,  fused  Dcfore  the  blow-pipe,  possesg 
the  property  of  dissolving  many  metallic  oxides. 
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LECTUEE  XV. 

THE  METALS. 

274.  The  MBTALs:are  defined  to  be  those  bodies  (about  60  in 
number)  which  possess  the  peculiar  appearance  called  the 
metallic  lustre,  and  which  are  capable  of  conducting,  with 
facility,  both  heat  and  electricity.  In  other  respects,  they  differ 
from  one  another  very  greatly. 

275.  Their  Color  is  generally  white,  variously  tinged  from 
pink  to  blue.  Three  are  strikingly  colored,  viz.,  Gold,  which  is 
yellow ;  and  Copper  and  Titanium,  which  are  red. 

276.  Their    SpHOTS'lfi  nt»*TTtwi»  ..-.i^.   £> -»  — .-    :.-.,,.      . 

-..<..r..Txii   raixes  irura  voyS  (Lithium) 

and  0-865  (Potassium),  to  21-630  (Platinum). 


^Pi  ^TfiB  METALS. 

277.  In  HARDNBaa  they  differ  verv  wirlpW      u  *      • 
Lead  S,  ,er,  and  Tin  B,.y  be  cut  with  «  knife  j-fron,  S' 

278   Malmabilitt  a»d  DooTitiTT.-Some  metals  aa  Ami- 

ladl  a„H  r  T;       T'  "'  '"'''  """P"'  «'""'  P'a'i-™  Pal- 
ladium and  Gold,  may  be  hammered  out  into  very  thin  sheets  f  61 

ir,  r.ir  '"";  '""  '^*'"''«''  "-^  "-  ^-i")    The  -0. 
Plafnum  (a  s  mgle  gram  of  Gold  may  be  drawn  oat  into  a  wire 
of  560  feet  m  length,  and  a  grain  of  Platinum,  which  is  six  ttae^ 
more  ductile,  may  be  drawn  into  a  wire  of  3,300  feet  in  kngth) 

rom!!'  ^"T"-  ■  '^''°  ''"""'y  »f  ■""»''  i»  determined  by 
c  mpanng  the  weight  which  wires  of  equal  diameters,  but  of 

hll?!"";     ''/"';""*'"•  "  "«=  •"=«■"  ■"'"W"'*  fatwires 
foU  ws  ^     """    "  "'  '"°"'  •-  •"''"'  ""="'  "a"  a  t«-"7  as 


Iron  wire  supports  550  Iba. 
Copper         "  302   «    '* 

Platinum      "  274   " 

Silver  "  287 


(( 


Gold  wire  supports  150  lbs. 
Zinc  "  no    u 

Tin  «  35    » 

Lead  "  28    " 


tw!L    llT'^'IVr^''''''^  "  ^^^"^^  ^t  ^»  temperatures  be- 
tTu  atTfr  r^+'''°'  ^''^'''''''^  ^"-^«  ^*  1 50O,  Sodium  at  194«>, 

a    2     6o  l^'tr*.'"'''  "^"^P"**  ''''''  ^^^^  **  2016S  Iron 
h  a  of  th  "'^''^^^^^^^""^  «^d  some  others  require  the  intense 
heat  of  the  oxy-hydrogen  blowpipe  to  melt  them. 

bod  es  but  It  IS  probable  that  all  of  them  may  be  volItilLd  at 
the  highest  temperatures.  Mercury  is  slowly  dissipated  in  vapor 
at  all  temperatures  above  68°,  and  boils  at  660".  Mercury,  Cad- 
mium, Arsenic,  Tellurium,  Zinc,  Potassium,  and  Sodium,  are 
all  converted  into  vapors  at  a  temperature  varying  from  a  low 
to  a  bright  red  heat,  and  are  occasionally  distilled,  from  the 
facility  with  which  they  are  volatilized. 


— —  ■iWllWCiiW 
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282.  The  metals  have  been  separated  into  eight  classes,  which 
are  distinguished  from  one  another,  chiefly  by  the  facility  with 
Which  they  decompose  water,  and  the  effect  of  heat  in  reducing 
tneir  oxides.  • 

CLASS  I.—MBTALS  01-  THK  ALKALIES  PROPBB. 

These  metals  decompose  water  even  at  32°,  with  hissing 
effervescence,  and  usually  with  flame  ;  they  are  rapidly  oxidized 
on  exposure  to  the  air;  their  oxides  are  powerful  bases,  andar. 
T«ry  soluble  and  very  caustic.    They  are  : 

Potassium,        Sodium,         Lithium,        Ammonium  T 

CLASS  n.—METALS  OP  THE  ALKALINE  EARTHS.; 

These  have  also  a  very  strong  aflinity  for  Oxygen,  and,  except 
Magnesium,  they  decompose  water  at  ordinary  temperatures,  but 
without  flame.    Their  oxides  are  powerful  bases,  but  are  less 
soluble,  and  less  caustic  than  those  of  class  I.    They  are  :  ^ 
Barium,         Strontium,         Calcium,         Magnesium. 

CLASS  m.—MBTALS  OF  THE  EARTHS  PROPER. 

These  metals  do  not  decompose  water  at  ordinary  tempera- 
tures, but  do  so  much  below  a  red  heat.  They  burn  in  the  air. 
when  heated  and  form  oxides  which  kre  less  powerful  bases 
than  those  of  classes  I  and  II,  and  which,  being  earthy  in  aspect, 
and  quite  insoluble,  are  called  earths.    They  are : 


Aluminum, 
Thorium, 


Yttrium, 
Erbium, 


Zirconium, 
Terbium. 


Glucinum, 


CLASS  IV.-METALS   PROPER,    OP   WHICH    THE    PROTOXIDES    ARE 
ISOMORPHOCS  WITH  MAOMBSIA. 

These  do  not  decompose  water  except  at  a  red  heat,  or  at 
ordinary  temperatures  in  the  presence  of  strong  acids.     They 


Iron, 
Cadmium, 


Nickel, 
Lead, 


Cobalt. 


75f 


Manganese,  Copper. 
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GLASS  T. — OTHHE  MBTAIS  PROPBR  HAVING   I80M0BPH0US  HBLATIONS 
WITH  THH  MAaNB8tA\  FAMILY. 

These  do  not  decompose  water  at  any  temperature,  nor  in  the 
presence  of  the  strong  acids.  They  do,  however,  at  a  red  heat 
decompose  the  vapor  of  water  with  considerable  eff?i Mrescence. 
They  are  : 

Tin,  Chromium,  Vanadium,        Tellurium, 

Tungsten,       Molybdenum,      Titanium. 

CLASS  VI.— MBTALS  ISOMOBPHOUS  WITH  PHOSPHORUS. 

These  even  at  a  bright  red  heat  decompose  water  very  feebly, 
but  their  oxides,  once  formed,  cannot  bo>  reduced  to  the 
metallic  state  by  heat  alone     They  are  : 

Arsenic,  Antimony,  BisTirath. 

CLASS  Vil.— THK  NOBLB  MET  U3. 

TiHJse  do  not  decompose  water  under  an}  (ircumstances,  their 
affinity  foe  Oxygen  is  so  feeble  that  they  do  not  rust  or  tarnish 
on  contiraed  exposure  to  the  air,  and  their  oxides  are  reduced 
by  a  high  tempeature.    They  are :  .     .    ' 

Silver,  Palladium,  Iridium, 

Mercury,  Platinum,  Rhodium, 

Gold,  Osmium,  Ruthenium. 

CLASS  Vra. — METALS  PROPBK  NOT  INCLUDED  IN  THB  FORBGOINO 
CLASSES,  AND  WHOSE  OXIDES  ARE  NOT  REDUCIBLE  BY  HEAT 
ALONE; 


Uranium, 
Cerium, 


Lanthanum, 
Didymium, 


Tantalum, 
Ilirenium, 


Niobium, 
Pelopium. 


Note.— The  remaining  metals,  Aridium,  Bonarium,  and  Norium,  are  not 
ttffioiently  known  to  enable  us  to  determine  in  what  claas  thej  fall. 
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LECTURE  XVI. 

COMPOUNDS  OP  METALS  WITH  METALLOIDS  AND 
WITH  OTHER  METALS. 

METALLIC    OXIDES. 

283,  Metdls  combined  with  oxygen  form  three  classes  of 
oxides,  which  with  their  general  formulas  are  as  follows  :— 


I. — BASIC  METALLIC  OXIDES. 


Nams. 

Suboxide, 

Protoxide, 

Sesquioxide, 


General 
Fcrmuia. 

MO 


Examples. 


Cu^O 


CuO,  FeO,  HgO,  VO,  AgO 

Fe^O^,  Co^O^',  Mn^O^,  Au^O^^  Os^O^ 


II. — NEUTRAL  METALLIC  OXIDES. 


Binoxide, 


fiinoxide, 
Teroxide, 


MOt 


PbaO^,  Mn^O^,  Fe^O^ 

PbOt,  BiOi,  MnO^,  PtO^,  FO, 


III. — ACID  METALLIC  OXIDES. 


MOi 
M0» 


MO, 


Titanic  Acid  2Y0g,  Stannic  Acid  SnO^ 
Chromic  Acid  CrO^^  Ferric  Acid  FeO^^ 

Arsenious  Acid  AsO^ 
Permanganic  Acid  Mn^O-, 
Osmic  Acid  OsO^ 
Arsenic  Acid  AsO^ ;  Antimonic  Acid  ShO^ 


Quadroxide, 
Pentoxide, 

REDUCTION  OP  THE  METALLIC  OXIDES. 


284.  The  metallic  oxides  are  deprived  of  their  oxygen,  and 
are  thus  reduced  to  the  metallic  state  by  different  methods. 

I.  The  oxides  of  the  noble  metals,  or  those  in  Class  VII,  are 
reduced  by  a  red  heat  alone. 

n.  Many  oxides,  as,  for  example,  those  of  Copper,  Iron,  Tin, 
Potassium,  Barium,  &c.,  are  reduced  by  the  joint  action 
of  heat  and  deoxidising  agents. 


74     METALLIC  CHLORIDES  AND  SULPHIDES. 

NoTB—A  deoxidising  agent  is  a  body  whose  affinity  for  oxygen  is  go 
strong  that  it  withdraws  it,  under  certain  circumstancea,  from  the  oxide 
Carbon,  Hydrogen,  Carbonic  oxide,  &c.,  «\re  deoxidising  agents,  but  the 
most  powerful  are  the  forraiates  and  Cyanide  of  Potassium.    The  mode  in 
which  the  simple  reducing  agents  C  and  i^  act  is  as  follows  :— 
MO  +  C=  ilf  4-  CO  and  MO  +  J3  =  J/-}-  HO 

HI.  The  oxides  of  several  metals  can  be  reduced  only  by 
means  of  a  powerful  galvanic  battery.  When  reduced 
by  this  mode  the  metal  always  appears  at  the  negative 
pole  of  the  battery. 

IV.  Certain  oxides  in  solution  are  precipitated  in  the  metallic 
state  by  other  metals  which  have  a  stronger  affinity  for 
the  oxygen.  Thus,  copper  precipitates  silver,  and  iron 
precipitates  copper. 

METALLIC    CHLORIDES. 

285.  The  metallic  chlorides  are  also  reduced  by  several 
methods,  as  by  heat  alone ;  by  the  action  of  another  metal  for 
which  the  chlorine  has  a  greater  affinity  j  by  the  action  of 
hydrogen  ;  by  boiling  with  a  formiate,  &c. 

METALLIC   SULPHIDES. 

286.  The  metallic  sulphides  are  reduced— 

L  By  roasting  them  in  the  air,  by  which  means  the  sulphur 
is  converted  into  Sulphurous  Acid,  and  the  metal  into 
oxide,  which  latter  is  reduced  by  being  again  heated 
with  charcoal. 

II.  By  heating  to  redness  in  an  atmosphere  of  hydrogen. 
Thus,  MS '\'H:=zM-\'HS  or  M^S^  +  J^a  =  Jlfj  +  ^HS 

III.  By  roasting  with  another  metal. 
Thus,  HgS^  +  J'fia  =  flff  +  5  FeS 

IV.  By  heating  with  Cyanide  of  Potassium  or  with  one  of  the 

formiates.    Thus,  Tersulphide  of  Arsenic  roasted  with 
Formiate  of  Soda. 

^_^  4,j  ,  o^i.av^,^3  ^■'■■^i}-^o..yu.tZ'Xo\^\j-\-a\J\Ji-Yiin.\j-\-Ji% 
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ALLOYS. 

287.  The  compounds  of  metals  with  metals  are  called  alloys, 
except  when  mercury  is  present,  when  they  are  termed  amal- 
gams.    The  principal  alloys  are  the  following  :— 

FiNH  Solder  =  2  parts  tin  -f-  1  part  lead.    It  melts  at  360". 

Coarse  Solder  =  1  part  tin+  3  parts  lead.    It  melts  at  500«>. 

Pewter  =  tin  4- small  quantities  of  antimony,  copper,  and 
bismuth.     The  inferior  kinds  contain  mo.-e  or  less  lead. 
.    Newton's  Fusible  Metal  =  8  parts  bismuth  -|-  5  parts  lead  -f-  3 
parts  tin.    It  melts  below  212o. 

Rose's  Fusible  Metal  =  2  parts  bismuth  +  1  part  lead  +  1 
part  tin.    It  melts  at  200°. 

Fusible  Metal  =  248  parts  bismuth  +  155  parts  lead  +  90 
parts  tin  -f  13  parts  mercury.    This  composition  melts  at  162°. 

Type  Metal  =  3  parts  lead  +  1  part  antimony  -^  a  small 
quantity  of  tin.      - 

Bronze  =  90  parts  copper  +  10  parts  tin. 

Bell  Metal  and  Gono  Metal  =  80  parts  copper  +  20  parts 
tin. 

Speculum  Metal  =  2  parts  copper  +  1  part  tin  +  a  little 
arsenic. 

Brass  =  4  parts  copper  +  1  part  zinc.  When  the  proportion 
of  zinc  is  increased  we  have  tombac,  Dutch  gold,  and  pinchbeck. 

German  Silver  =  100  parts  copper  +  60  parts  zinc  +  40  parts 
nickel.     The  inferior  kinds  are  deficient  in  nickel. 

Tin  Amalgam  =  tin  +  mercury,  is  used  for  silvering  the  backs 
of  mirrors. 

Electric  Amalgam  =  2  parts  zinc  +  1  part  tin  +  6  parts 
mercury. 

SALT-RADICAL  THEORY. 

288.  A  salt  has  been  defined  to  be  "  a  compound  of  an  acid 
with  a  base,"  and  according  to  this  definition  the  compounds  of 
Chlorine,  Iodine,  Bromine,  and  Fluorine,  with  the  metals,  are 
not  salts.  Since,  however,  these  bodies  possess  in  a  very  high 
degree  the  saline  characters,  it  was  formerly  thought  necessary 
to  separate  gaits  into  two  distinct  classes : 
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1st.  Oxy-salts,  or  those  which  consist  of  oxygen-acids  com- 
bined with  bases. 

2nd.  Haloid  salts,  or  those  which  consist  of  a  metal  united  to 
a  salt-radical  after  the  type  of  common  salt  (Hah  "  sea-salt," 
eidos  "form"). 

289.  We  have  seen  that  a  radical  is  any  body  s'mpl .  or  com- 
pound which  is  capable  of  chemically  uniting   atb  au  elemen- 
tary body.    A  salt-radical  may  be  defined  to  b'  a  body  (either 
simple  like  Chlorine  or  compound  like  Cyanogen)  which  forms  . 
an  acid  with  hydrogen  and  a  salt  with  sodiutn  or  any  other  metal.  I 

290.  The  salt-radical  theory  assumes  that  all  salts  are  binary 
compounds,  being  produced  by  the  union  of  a  metal  with  a 
simple  or  compound  salt-radical. 

291.  The  following  exhibits  the  chnnges  in  nomenclature  and 
notation  that  the  adoption  of  this  theory  would  render  neces- 
sary. 

ON  THE   ACID   THEORY. 

Hydrated  sulphuric  acid,  sulphate  of  oxide  of  hydro- 
gen or  hydric  sulphate, HO-{-SO.j 

Sulphate  of  potash,  sulphate  of  oxide  of  potassium 

or  potash  sulphate, KO-^-SO^ 

Hydrated  nitric  acid,  nitrate  of  oxide  of  hydrogen 

or  hydric  nitrate, HO-^NO 

Nitrate  of  potash,  nitrate  of  oxide  of  potassium  or 

potash  nitrate, K04-N0 

Chloride  of  hydrogen  or  hydrochloric  acid, H-\-Cl 

Chloride  of  pota'ssium, ,     K-{^.Cl 

Cyanide  of  hydrogen  or  hydrocyanic  acid, H-^-C^N 

Cyanide  of  potassium, ^^-f-C'g  N 

ON  THE  SALT-RADICAL  THEORY. 

Sulphionide  of  hydrogen  or  hydrosulphuric  acid,. .  H-^SG  f 

Sulphionide  of  potassium, ^-f'5^  ^ 

Nitrationide  of  hydrogen  or  hydronitranic  acid,. . .  H-\-NO,, 

Nitrationide  of  potassium,. K-^-NOg 
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Chloride  of  hydrogen  or  hydrochloric  acid, ....     H-^  CI 

Ohioride  of  potassium, jp  _l  ci 

Cyanide  of  hydrogen  or  hydrocyanic  acid, >/  -f-  C^N 

Cyanide  of  potassium, K4-  C  N 

292.  The  advantages  of  the  salt-radical  theory  are  the  follow- 
ing :— 

I.  It  makes  but  one  c\u  ..a  of  salts  instead  of  two  classes. 
II.  It  affords  n  more  simple  and  philosophical  explanation  of 
I  the  action  of  certain  metals  upon  acid  solutions. 

III.  It  accounts  for  the  remarkable  law  that  to  produce  neutral 
salts  "  Bases  always  combine  with  as  many  atoms  of  acid 
as  they  themselves  contain  of  oxygen,"  i.  e.,  a  protoxide 
forms  a  neutral  salt  with  one  atom  of  an  oxygen-acid,  a 
sesquioxide,  with  three  atoi  ^  of  an  oxygen-acid ;  abinoxic^-, 
with  two  atoms  of  an  oxygen-acid,  Ac. 

Thus,  the  neutral  sulphates  of  a  metal  are  constituted  as  fol- 
lows : — 

Old  View.  jffaw  View. 

^2  O+.S'-?, ^.+■504  =  Subsulphionide. 

^^+^^3 M.\.SO,    =  T>roto8ulphionide. 

M,  0,-\.3S0., M^HSO,  ^  Sesquisulphionide. 

M0,+2S0^ Jlf+2.^0^=  Bisulphionide. 

^hese  sulpbionides  correspond  co  the  t    )wn    hlorides.  M^a 
MCI,  M.,Cl,,  aacL  MCl^. 

NoTin.-There  are,  however,  certain  strong  objectir  ...     ,  the  salt-radical 
theory,  whicli  must,  i  .til  they  are  rem.    ed,  pi  vent  its  general  adoption. 

METALS  OP  THE  ALKALIES  PROPER. 

LECTURE  XVn. 

POTASSIUM. 

203.  OTASsiUM  alium),  Symb.  iT;  Equiv.  ^9 ;  Sp^  Ora.. 
0'865|  as  discovered  in  the  year  loOl,  by  5i  H..  Davy,  as  » 
constituent  of  potash  which  is  Oxides  of  Potasaium^ 


78 


POTASSIUM, 


Potassium  is  a  bluish  white  metal,  so  very  oxidizable  that  It 
can  be  preserved  only  in  fluids  or  gases  containing  no  oxygen  • 
IS  commonly  preserved  in  the  hydrocarbon  mineral  naphtha  - 
Potassium  is  brittle  and  crystalline  at  32o;  is  soft  like  wax"at 
ordinary  temi  <"ratures ;  melts    t  160°,  and  boils  at  a  read  heat 

Iir/    p  ^'''r  '"'^"'-      ^'^'"  "^^*^^  "°^«^  ^he  surface  oJ 
naphtha,  Potass  um  exhibits  a  high  degree  of  metallic  lustre, 
but  1   tarnishes  instantly  on  exposure  to  the  air.       .  hen  heated 
to  dull  redness  in  the  air,  or  when  thrown  upon  the  surface  of 
water,  it  takes  fire,  burns  with  a  beautiful  violet  colored  flame 
and  IS  converted  into  Potassa,  or  the  Oxide  of  Potassium.  Potas' 
Slum   IS  distinguished   above   all   other  bodies  by  its  intense 
affinity  for  oxygen.     Potassium  is  the  characteristic  alkali  of 
the  vegetable  kingdom,  as  Sodium  is  of  the  animal  kingdom 
exists  as  a  constituent  of  most  rocks  (feldspar  contains  12  per 
cent)  IS  obtained  as  potash  by  lixiviating  the  ashes  of  plants, 
etalhc  i  otassium  is  obtained  from  the  Carbonate  of  Potash  by 
decomposing  it  by  the  joint  action  of  heat  and  charcoal. 

294.  The  principal  compounds  of  Potassium  are  : 


Protoxide  of  potassium,  KO. 
Peroxide  of  "         xo^ 

Chloride  of  "  KCl. 

lodite  of  "  XL 

Bromide  of  ««         K£r. 


Protosulphjde  of  potassiumiT-S'. 
Pentasulphide  of        "        xs^ 
Ferrocyanide  of         "        KHfeCy^+SBO 
Ferndcyanide  of       "        KiFe^q/G 
Cyanide  of  »        xCy. 


296     P„Oro:C.DK  OF  PoTiSS.™,  PoTASH,   OR  PoTASS*,  Symb. 

^»  Z^   '  !,'  I  "'""'"  """'"^  "P'^'^  ^^'O'^'  '''"«  from 

JCO.HO  Caostic  potash  is  obtained  by  decompoaioK  the  Car- 
bonate of  Potash  by  Ii„e,  I,  is  a  semi-crystallfne  soUd  has  a 
speaac  gravity  of  I-JOO  ,  is  fusible  at  700" ;  is  very  de  i,"  s! 
cent;  .s  soluble  in  water  and  in  alcohol;  Us  soluUon  (Z 
^0.-)  «  caustic,  and  highly  alkaline.  Ca'nstic  potash  is  luch 
used  in  medicine  as  a  cauterizer. 

inf «!i,!r''°'r  ^''^^«^^"'  ^^' '«  obtained  by  dissolving  iodine 

.  7 F"ta==a  auul  xhe  mixture  is  neutral.     This  mix- 

ture,  cons.tin,  in  pan  of «,  and  in  part  of  JCO.IoJul^o. 
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rated  to  drynegs,  aud  then  heated  to  redness  in  order  to  decom- 
pose  the  KOIO,.  Iodide  of  Potassium  crystallizes  in  cube,  or 
prisms  wnch  are  white  and  opaque.  It  has  an  alkaline  reaction 
ow.ng  to  the  presence  of  a  small  quantity  of  A'0,CO, ;  is  soluble 
;n  wa^r,  and  to  a  less  degree  in  alcohol ;  is  not' poilonou.  even 
n  d  ses  of  several  drachms  ;  is  much  used  in  medicine,  and  its 
solution  IS  employed  as  a  solvent  for  iodine-30  grains  of  KO 

watr  Th''"'  ,"^.- "^'?  ^''"^  "'"""^  ^'^^«'^«^  »«  0"e  o^^^e  of 
wa  e  .   The  solution  of  bromide  also  dissolves  Bromine,  but  that 

of  chlonde  has  no  affinity  for  Chlorine.     Both  the  iodide  and 
brom.de  are  extensively  employed  in  photography.     Chloride  of 
Potassium  has  a  taste  like  that  of  common  salt,  which  it  also 
sembles  in  most  other  respects.     It  is  principally  consumed  n 
the  manufacture  of  alum.  ^""sumea  m 

noL?;/'""''"/"?.''    Potassium,    or  yellow-prussiate   of 

wi  h  d^v  ir!.  T  '^  ''^°"°^  ^^^^^"'^^^  ''  P°*-h  mixed 
with  dry  blood,  horns,  clippings  of  hoofs  or  hides,  or  other 
animal  matters,  to  a  red  heat  in  an  iron  pot.    It  is  a    emon' 

t'rulcld  "?  '^'\'T^^'^^'  '^  quadrangular  tables  with 
truncated  angles  and  edges  ;  soluble  in  4  parts  of  cold  and  in  2 

Tnlt  nn  °^  ""'''' '  '°''^"'''  '"  '^^^°^'^^'  ^^^  ^  «*li"«  taste,  and 
IS  not  poisonous.  •"=;  «»uu 

298.  Feskidc  ,(*»,ob  op  PoTissiOM,  Or  red  prassiate  of  polassa 
Bymb  K,FeCy,  or  3^+2  (ftCy,)  i,  obtaioed  by  Jat  „Ta 
solufoo  of  Ferroeyanido  of  P„,a,.i„m  witb  chlorine  gas  uT.n  U 

ron.    Tho  m.itnre  contams  chloride  and  ferrid cyanide,  and  the 
latter  .s  separated  by  crystallization.    FerridcyLnide  of  Pota,! 
s.um  IS  a  transparent  red  salt,  crystallized  in  anhydrous  rhomb  c 
prisms  ;  soluble  in  about  4  parts  of  cold  water  ;  is,  in  soluln 
.  dehcate  test  for  iron,  which  it  throws  down  a^  pr'ussto  blue 
299.  Ctamidb  op  Potassium,  KCy,  is  obtained  with  difflcnlfv 
rom  Ferroeyanide  of  Potassium.  It  is  a  colorless  salt  crystalUzed 
m  cubes;  .n  contact  with  air  becomes  Cyanate  of  Potassa    i, 
similar  in  Us  action  on  the  animal  econom/to  H.^..-.,l  a^" 

.Trl^h'^^r^i?'' ""™"' °'^'^""y-'«"^«'d  of  k^^^^^ 
.trength ,  thus,  24  grains  pure  Cyanide  of  Potassium  66  grai« 
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of  Tartaric  Acid  and  one  ounce  of  water  agitated  together  in  a 
stout  phial  closed  by  a  cork  and  afterwards  filtered,  gives  a  solu- 
tion of  10  grains  of  Hydrocyanic  Acid  in  1  ounce  of  water,  or 
rather  more  than  2  per  cent. 

800.  Thb  SuLPHiDis  OF  PoTASsnjM  are  KS,K8j,KS3  and  KS^ 
and  an  impure  sulphide  called  Hepar  Sulphuris,  or  liver  of 
sulphur.  This  last  is  sometimes  employed  in  medicine,  and  is 
prepared  by  fusing  a  sulphur  with  Carbonate  of  Potassa.  Its 
composition  of  course  varies  with  the  proportion  in  which  the 
ingredients  are  employed,  but  it  is  always  a  mixture  of  one  or 
more  of  the  above  sulphides  with  hyposulphite  and  Sulphate  of 
Potaskia. 

801.  The  principal  salts  of  Potash  are  the  following  : 

Acetate  of  potash,.  .KO.C^H^Oz. 
Oxalate  of  potash, .  .KO,  Cg  Oa+JSO . 
Tartrate  of  potash,.  .2K0,  dH^Oy  o- 
Urate  of  pot.,  KO,HO,C\  oHiN^  O4. 
Cyanate  of  potash,.  JTO.CyO. 


Nitrate  of  potash KO.NOs . 

Carbonate  of  potash, KO,  COt . 

Bicarbonate  of  "HO,  COt+KO,  CO^ 

Sulphate  of  potash, KO,SOz  ■ 

Chlorate  of  potash, KO,ClOs. 


302.  NiTEATB  OF  Potash,  KO^NO^^  is  called  also  Nitre  or 
Saltpetre.  It  is  a  white  crystalline  solid,  having  a  specific 
gravity  of  1-933 ;  is  very  soluble  in  water,  and  not  at  all  soluble 
in  absolute  alcohol ;  is  used  as  a  source  of  Nitric  Acid,  as  a 
manure,  and  also  for  curing  meat,  owing  to  its  antiseptic  pro- 
perties. It  is  likewise  employed  in  the  manufacture  of  gun- 
powder, which  is  very  nearly  C^SNit. 

OOHFOSITION   OF  QUNPOWDBR. 

Theoretical  Mixture.  English.  French. 

Sulphur 11*9 12-5 ....11'6 

Charcoal 13*5 12*5 13*5 

.Mitre  ..•••••••••  74'o.  •.•..•••.•••  .»•  75*0.  •••.•••■..•  76*0 


1000 


1000 


100*0 
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3  Carbon Cr^ 


Nitrate  cf  Potash  . .  i  ^. 
Sulphor 

In  the  explosion  of  gunpowder  the  nitre  is  decomposed  by  the 
charcoal,  the  sulphur  merely  accelerating  the  process  of  de- 
flagration, and  supplying  heat.  One  cubic  inch  of  good  powde^ 
yields  about  800  cubic  inches  of  cold  gas,  and  as  at  the  moment 
of  explosion  the  gas  is  red  hot,  we  may  safely  reckon  the  ex* 
pansion  as  about  1  into  2000.    Gunpowder  may  be  analyzed  by 

1st.  Boiling  in  water  to  remove  the  nitre  ;  and 

2nd.  Exposing  the  residue  to  a  tolerably  strong  heat  tp 
vaporize  the  sulphur. 

NOTB.— It  is  essential  to  the  propelling  force  of  gunpowder  that  its 
explosion,  though  occupying  only  an  exceedingly  bhort  space  of  time 
should  not  be  absolutely  instantaneous.  Fulminating  mercury  and  other 
explosive  compounds  that  burn  more  rapidly  than  gunpowder  are  not 
adapted  to  the  propulsion  of  projectiles,  since,  if  substituted  for  powder, 
they  shatter  the  gun,  but  do  not  project  the  ball. 

303.  Carbonate  op  PotasHj  in  an  impure  state,  forms  the 
potashes  and  pearlashes  of  commerce.    It  is  a  white,  fusible 
highly  alkaline  solid,  which  crystallizes  With  2  eq\iiv.  of  water! 
It  is  very  soluble  in  water,  and  its  solution  feels  greasy  to  the 
touch. 


French. 
...11-6 
...13-6 
...^50 

100-0 
aio  Acid/ 


LECTURE  XVIII. 

SODIUM. 

304.  Sodium  (Natrium)  Symb.  Na;  jfiquiv.  23 ;  Spec.  (^rar. 
t)-934;  was  discovered  by  Davy,  in  the  year  1808,  in  soda,  which 
is  the  protoxide  of  the  aietal.  Sodium  is,  with  the  exception  of 
Aluminum  and  perhaps  Potassium,  the  most  abundant  metal  on 
the  glob-  ;  it  constitutes  two-fifths,  by  weight,  of  salt,  and  exists- 
as  an  oxide  in  many  minerals. 
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Sodium  is  obtained  in  a  metallic  state  much  more  easily  than 
Potassium,  so  that  if  required  on  a  large  scale,  it  might  be  pre- 
pared ftt  a  price  but  little  higher  than  that  of  zinc.    Sodium  is 
a  brilliant  yellowish  white  metal ;    in  color  resembles  silver, 
while  Potassium  resembles  mercury ;  is  not  quite  as  oxidizable 
as  Potassium,  but  it  nevertheless  tarnishes  instantly  on  exposure 
to  the  air,  and  must  be  preserved  in  naphtha ;  is  the  character- 
istic alkali  of  the  animal  kingdom,  its  salts  being  found  in  all 
animal  fluids ;  is  so  soft  at  ordinary  temperatures  that  it  yields 
to  the  pressure  of  the  finger  ;  it  does  not  become  brittle  at  32«> ; 
it  melts  at  194°,  and  boils  at  a  red  heat,  forming  a  colorless 
vapor.    It  burns  in  the  air  with  a  bright  yellow  flame,  and  de- 
composes water  with  lively  effervescence,  but  not  wfth  flame 
unless  the  water  be  hot  or  in  the  form  of  ice,  or  be  rendered 
thick  and  viscid  by  gum  or  starch. 

305.  Sodium  forms  numerous  compounds  with  the  metalloidSj 
l^rhich,  generally  speaking,  very  closely  resemble  the  corres- 
ponding Potassium  compounds.  The  only  compounds  of  Sodium 
that  are  of  much  interest  are  the  protoxide  and  the  chloride 

306.  Chlorids  of  SotJiuM,  Symb.  Na,Cl,  is  the  common  or 
kitchen  salt,  and  was  formerly  incorrectly  called  muriate  of  soda. 
Itt>ccur3  native  abundantly  as  rock  salt  in  beds  which  are  found 
in  geological  formations  posterior  to  the  coal.  The  mostcelebrated 
salt  mines  are  those  of  Cheshire  and  Gloucestershire  in  England, 
Salzburg  in  Switzerland,  Cordova  in  Spain,  and  Wielifska  in 
Poland ;  tht  last  named  is  of  enormous  extent,  and  is  capable  of 
supplying  the  entire  world  for  ages.  Salt  is  also  largely  ob- 
tained by  the  evaporation  of  sea-water,  which  contains  about 
2-7  per  cent,  of  Chloride  of  Sodium. 

Bait  is  a  white  solid ;  cryi?tallizes  in  cubes  without  water  • 
is  not  deliquescent  when  pure  ;  decrepitates  when  heated,  owing 
to  the  water  between  the  plates,  or  to  uneqn?,!  expansion ;  is 
fusible  at  a  red  heat,  and  volatile  at  e.  white  heat ;  has  ti  spec. 
grav.  of  2-125  ;  is  very  soluble  in  water,  and  but  slightly  more 
so  in  hot  than  in  cold  water  ;  is  not  soluble  in  alcohol.  By  the 
action  of  Sulphuric  Acid  salt  yields  Hydrochlonc  Acid  and  Sul- 
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SODIUM. 

phateofSoda.  It  is  much 'ised  as  an  antiseptic  in  curing  meats- 
IS  extensively  employed  as  a  condiment,  and  seems  to  be  essen ' 
^al  to  the  healthy  functions  of  the  animal  economy,  giving 
Hydrochloric  Acid  to  the  gastric  juice,  and  soda  to  the  bile  •  is 
valuable  as  a  source  of  soda  and  its  salts,  also  Chlorine  and 
Hydrochloric  Acid ;  is  employed  in  agriculture  as  a  manure,  and 
IS  used  as  a  flux  in  the  manufacture  of  earthenware. 

807.  Soda,  NaO,  is  a  white  powder,  which  rapidly  attracts 
moisture  from  the  air,  and  becomes  hydrated  oxide  of  sodium 
commonly  called  caustic  soda,  which  is  NaO.BO. 

Caujmc  Soda  is  a  white  semi-transparent  brittle  deliquescent 
solid  ^ich  closely  resembles  caustic  potash.  It  is  fusible  at  a 
red  heat,  and  is  decomposed  by  a  white  heat.  It  unites  with 
acds  to  form  salts  which  are  similar  to  those  of  potash,  but 
which  are  distinguished  from  them  and  indeed  from  those  of  all 
other  bas3s,  by  their  greater  solubility,  and  by  their  communi- 
cating a  rich  yellow  tint  to  flame,*  The  principal  salts  of  soda 
are  the  following  : — 

Carbonate  of  soda, Na.O,CO,+imo 

Bicarbona^ofsoda HO,CO^+I,aO,CO^ 

«i^M.     /''"*''' NaO.SO^+ldHO 

Sulphite  of  soda NaO,SO^ 

Hypogulphiteofsoda, iVaO,58024-5Jyo 

Nitrate  of  soda, NaO,NO<^ 

Biborate  of  soda,. 2;raO,2BO,^imo 

Tnbasic  phosphate  of  soda, ff0.2NaO,POs,4.2iHO 

Pyrophosphate  of  soda ;........  .2N^aO.PO6,+10HO 

Metaphospbateofeoda,....; NaO.POs 

HypochJorite  of  soda, Nao',ClO 

Microscosmic  salt  is  a  tribasic  phos- 
phate of  soda,  ammonia,  dnd  water,  ~KaO,aO,Nm  0,POti,+SHO 

808.  Cabbonatb  of  SoDAjiVaO.L'Oj-flO/iO  is  the  soda  of 
commerce;  NaO.CO,  also  crystallizes    with  HO,  6H0,  6H0, 
and  8E0.     The  common  carbonate  ia  much  used  as  a  source  of 
the  other  soda  salts,  and  in  the  manufacture  of  soap  and  glass. 
Trona  is  a  native  Sesquicarbonate  of  Soda. 

stronS  Tmm!^''  '^^'''  *  "'"'  ''  ''''''  *^*  *^e  5  and  thee  of 
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LITHIUM  AND  AMMONIUM. 

80».  ScLPHAtB  or  Soda,  Glauber's  salt,  exists  native  in 
Spain,  Svfitzerland,  and  elsewhere  in  mineral  springs. 
NiTBATB  OF  Soda,  or  cubic  nitre,  is  found  abundantly  in 
the  soil  in  certain  parts  of  South  America.  It  cannot  be  sub- 
stituted for  saltpetre  in  the  manufacture  of  gunpowder  on  ac- 
count of  its  hygrometric  nature.  Borax,  or  biborate  of  soda, 
exists  aitive  in  India  and  Persia,  and  is  extensively  employed 
in  blowpipe  experiments  as  also  is  microcosmic  salt.  Sulphitb 
OF  Soda  is  much  employed  in  analysis  as  a  deoxidizing  agent 
and  by  calico-bleachers  as  an  antichlore.  Thb  tribasio  phosphatb, 
or  common  phosphate,  2NaO,  HO,PO,  is  used  medicinally  and 
is  employed  in  analysis  as  a  reagent.  There  are  two  other  tri- 
basic  phosphates,  viz. :  the  subphosphate  SiVaOjPOj-f  2||o  and 
the  acid  phosphate  NaO,  2H0,  PO^  +  2H0.  There  is  also  a 
second  bibasic  salt— the  acid  pyrophosphate  NaO,  HO  PO  . 


LITHIUM  AND  AMMONIUM. 

310.  LiTHiUii  is  the  metallic  base  of  a  very  rare  alkaline  oxide 
known  as  lithia  which  is  found  in  small  quantities  in  certain 
minerals  as  lepidolite)  petalite,  &c.  Its  salts  bear  a  close  re- 
semblance to  those  of  potassa  and  soda,  and  are  distinguished 
by  their  tinging  the  flame  of  the  blow-pipe  of  a  red  color. 

311.  Ammonium  is  as  before  stated  a  strictly  hypothetical  body 
as  also  is  its  oxide  NH^,0.  By  the  action  of  the  voltaic  pile 
a  very  peculiar  amalgam  of  ammonium  is  formed  with  mercury 
during  the  electrolysis  df  ammonia,  but  it  is  instantly  decom- 
posed by  disconnection  with  the  battery.  Moreover  the  salts 
produced  when  ammonia  is  acted  upon  by  the  hydracids  are 
precisely  analogous  to  the  corresponding  salts  ofpottvjsa  and 
Soda. 


CALCIUM. 
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METALS  OP  THE  ALKALINE  EARTHS, 

LECTURE  XIX. 

CALCIUM. 

312.  Calcium,  8ymb.Ca;  Equir.20;  Spec.  gray.  1-578,  waa 
discovered  by  Davy  in  the  year  1808,  in  lime,  which  is  the  pro- 
toxide of  the  metal.  The  element  was  named  calcium  from  calx 
"  burnt  earth,"  a  term  long  applied  to  lime. 

Calcium  is  a  yellowish-white  very  oxidizable  metal  ;  is  very 
malleable  ;  is  softer  than  gold  ;  is  fusible  at  a  red  heat ;  when 
^®*^®§^  ^^^  ^^^  it  t^uros  with  a  brilliant  white  light  with  scin- 
tillations ;  it  also  burns  with  vivid  light  in  chlorine,  bromine, 
iodine,  or  sulphur  vapor.  It  decomposes  water,  and  readily 
amalgamates  with  mercury. 

313.  The  principal  compounds  of  calcium  are- 
Lime  or  protoxide  of  calcium, q^O 

Chloride  of  calcium, , CaCT 

Fluor-spar  or  fluoride  of  calcium, CaF 

Sulphide  of  calcium CaS 

314.  Pbotoxidb  or  Calcium,  or  Limk,  Symb.  CaO,  is  obtained 
by  roasting  the  carbonate,  and  thus  expelling  the  carbonic  acid 
as  m  the  process   of  lime-burning.    Lime  is  a  greyish-white 
loha;  has  a  spec,  gravity  of  308  ;  is  not  fusible  except  at  a 
very  high  temperature  ;  slowly  volatilizes  at  a  white  heat ;  is 
remarkably  luminous  when  ignited  in  the  flame  of  the  oxy- 
hydrogen  blowpipe,  and  is  hence  used  in  the  Drummond  light. 
It  IS  a  distinctly  alkaline  earth,  caustic  and  acrid  ;  is  a  powerful 
base  ;  moistened  with  water,  it  swells,  becomes  very  hot,  and 
falls  to  a  dry  powder,  forming  a  protonydrale  CaO+HO,  which 
is  called  slaked  lime.    Lime  is  more  soluble  in  cold  than  in  hot 
water  ;  one  part  of  lime  requires   750  parts  of  water  at  60o  or 
1280  parts  of  water  at  212^  to  dissolve  it,     The  mik  or  cream 
ofltme  is  merely  the  hydrate  difiTuse'i  through  wate:. 

Lime  is  annlin^  in  <■  />iin»U/>.  »«..--2*..i  ^  .  . 

^_        „,  .,  .^...-iii^ci  ui  u^.^iui  purposes,    ii,  iS*  of  vefy 

great  service,  aa  the  chief  ingredient  of  monara  and  as  an  agri- 


ii 


ill  III 

ii  ill 


m 


CALCIUM. 


cultural  fertilizer.  As  a  manure  it  oxidigea  and  decomposes  the 
insoluble  organic  matters  found  in  the  soil  ;  it  decomposes  clay 
and  renders  its  potassa  soluble,  and  it  restores  to  the  soil  the 
calcareous  matter  carried  ofi*  by  the  crop.  As  a  mortar  it  is 
mixed  with  two  or  three  parts  of  sand  and  made  into  a  paste 
with  water.  The  mortar  particles  at  first  cohere  by  the  attrac- 
tion of  aggregation,  but  by  degrees  the  mortar  absorbs  carbonic 
acid,  and  the  lime  passes  into  the  state  of  carbonate. 

Hydraulic  lime  or  hydraulic  c«ment  is  made  by  burning  to« 
gether  limestone  and  clay. 


816.  The  principal  salts  of  lime  are  the  following  :— 


Carbonate  of  lime CaO,COi 

Sulphate  of  lime CaO,S03 


Phosphate  of  lime. . .  .3— 
Hypochlorite  of  limo.  Ca 


mp,pos 

1aO,ciO 


316.  Carbonate  op  Limb,  CaOjCO^  exists  native  abundantly 
|j  ^  as  limestone,  chalk,  marl,  marble,  calcareous  spar,  arragonite, 

shells,  corals,  &c. 

Carbonate  of  lime  is  insoluble  in  pure  water,  but  is  freely 
taken  up  in  water  containing  carbonic  acid.  Since  most  river 
and  spring  waters  contain  carbonic  acid,  they  also  contain  car- 
bonate of  lime  which  is  deposited  when  the  water  is  boiled  or 
exposed  to  the  air  so  as  to  part  with  the  carbonic  acid  ;  in  the 
former  case  it  constitutes  the  fur  of  jcettles  and  boilers,  and  in 
the  latter  case  the  stalactites,  stalagmites,  and  other  calcareous 
formations  of  caves,  4c.  Carbonate  of  lime  is  decomposed  by 
all  acids  except  hydrocyanic  ;  is  much  used  as  a  source  of  quick 
or  caustic  lime,  as  a  manure,  as  a  flux,  as  a  building  material, 

wC. 

317.  Sulphate  of  Lime,  Symb.  CaO,SO^]  Spec.  Grav.  3-000; 
is  not  very  soluble  in  water,  one  part  of  CaO,SO^  requiring  500 
parts  of  water  to  dissolve  it.  Gypsum  is  the  native  hydrate  of 
the  sulphate,  symb.  CaO,SO,-\.2HO,  and  when  this  is  kept 
heated  for  some  time  to  about  280«  it  loses  the  two  equiv.  of 
water  and  becomes  plaster  of  Paris,  the  setting  of  which  depends 
upon  the  re-absorption  of  these  two  equiv.  of  water.    Anhydrite 

is  native  snlnhatA  of  limn  nr.rrc^^^^: — a   — .-ii ^ . 
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is  crystallized  hydraled  gypsum.    All  the  varietie.  of  gypsun, 

Z  Z'  If"  """"Mnd  plaster  of  Paris  is  useafofbuild 

ing  and  other  purposes. 

A  small  portionof  sulphate' of  lime  dissolved  In  water  r-ni»««.  « 
nently  hard,  since  we  possess  no  available  me^mofrJJ^^rlJ''*^ 
Bess;whilethehardne3sproducedbycarLarofll^'^^^^^^^^^^^ 
became  ,t  is  removed  to  a  great  extent  by  boiling  ^by  Sn^^^Ze 

Bh!L!"nn°''^r  "^,^^«"-'rb«'^«  «»i3t  several  distinct  phos, 
pbates  of  lime,  the  tribasic  phosphates  being- 

I.  3CaO,  PO^ 
II.  2CaO,  HO,  POg 
^  III.    CaO,  2  HO,  POs 

The  phosphate  (^lime  found  in  bones  appears  to  be  a  mixture 
of  he  first  two  of  Eese  salts.  The  first  phosphate  also  occurs 
native  m  combination  with  fluoride  of  calcium  in  the  mineral 
Apatite  which  is  CaFi-  3(3CaO,  PO,) 

319.  Hypochlorite  of  Limb,  Chloride  of  Lime,  Bleaching 
Powder,  Symb.  CaCl  +  CaO,  CIO,  is  a  mixture  of  ciloride  Z 
^.ochlonte  of  lime  It  is  formed  by  exposing  pure  hydrate  of 
lime  to  the  action  of  chlorine,  thus  :— 

2CaO-{'2Cl=zCaCl+CaO,ClO 
The  bleaching  powder  of  commerce,  if  newly  prepared,  con- 
tarns  about  30  per  cent,  of  chlorine,  but  if  old  not  more  than  10 
per  cent.    Bleaching  powder  is  employed  in  bleaching  and  as 
a  disinfectant ;  acids  decompose  it  and  liberate  the  chlorine. 

MAGNESIUM. 
320.  Magnesium,  Symb.itfg;  Equiv.  12;  Spec.  Grav  1-1- 
was  discovered  in  the  year  1809  by  Bussy,  ia  magnesia,  which 
was  originally  brought  from  Magnesia  in  Asia  Minor.  Magne- 
Slum  is  a  silvery  white  brilliant  metal ;  is  hard,  and  malleable  : 
IS  fusible  at  a  red  heat ;  is  slowly  oxidized  by  water  ;  and  burng 
with  I  brilliant  white  light  when  heated  in  O,  CI.  m  /  «,  5 
vapor.  '     ,  — ,  -,  ^.  ^ 
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821.  Mi^NBSiA,  Sjmh.  MgO,  is  obtained  by  roasting  the  carbon- 
ate ;  it  has  a  spec,  grav,  of  3'610;  forms  a  protohydrate  with 
water  ;  is  nearly  insoluble,  I  part  ofMgO  requiring  55,500  parts 
Of  water  to  dissolve  it :  when  present  in  lime,  it  greatly  modifies 
the  nature  of  the  lime,  preventing  the  quicklime  from  becoming 
mild,  and  thus  renderingit  unfitfor  agricultural  purposes  ;  when 
pure,  it  is  called  calcined  magnesia,  or  magnesia  usta. 

822.  The  principal  compounds  of  magnesia  are  the  follow- 
ing :— 

Carbonate  of  magnesia  (neutral),  . .  .MgO,  COz 

Magnesia  Alba. SiyfffO  CO.)-hMgO,  BO^SHO. 

Sulphate  of  magnesia  (Epsom  Salts),  MgO,  SO 3.  7 HO. 

Bes.'  •  these,  thereare  various  silicates  of  magnesia,  aslteatite 
or  r.>rt  .stone,  Meerschaum,  Chrysolite,  Serjjlntine,  &c.  Augite 
to<?  fi-rnbleade  are  essentially  double  silicates  of  magnesia  and 
lime.  Dolomite  or  Magnesian  Limestone  is  a  double  carbonate 
ofm.  .{nesia  and  lime  =  (%0,  00^+  CaO,  CO^). 

323.  Sulphate  of  Magnesia  or  Epsom  salts,  occurs  native  as 
an  efflorescence  in  some  parts  of  Spain  ;  is  found  in  certain  springs 
of  water,  as  those  of  Epsom  and  Cheltenham  in  England,  and 
Seidhtz  and  Pullna  in  Bohemia ;  is  prepared  from  bittern  or 
mother  liquor  of  salt  by  evaporation  and  crystallization,  the 
rough  crystal  being  called  single  Epsom  salts,  and  those  obtained 
by  a  recrystallization  double  Epsom  salts ;  is   also  obtained 
by  saturating  dilute  sulphuric  acid  with  magnesian  limestone, 
and  upon  the  precipitation  of  the  sulphate  of  lime,  evaporating 
the  clear  solution  and  crystallizing  the  sulphate  of  magnesia 
Epsom  salts  crystallizes  in  fine  needle-like  rectangular  prisms 
with  6  equivalents  of  water,  but  the  amount  of  water  and  the  form 
of  the  crystals  depend  to  some  extent  upon  the  temperature  of 
crystallization.     The  salt  is  very  soluble  in  water,  100  parts  of 
cold  water  taking  up  68,  and  of  hot  water  150  parts  of  th«  salt. 

BARIUM. 

324.  Barium,  Symb.Ba;Equiv.  69  J  Spec.  Grar.  4-000;  tras dis- 
covered by  Davy  in  1808,  named  from  barus  "heavy'  on  account  of 
the  great  density  of  lis  compounds,  occurs  in  considerabb  abun- 
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BARIUM— STRONTIUM. 

dance  combined  with  oxygen  or  with  acids.    Barium  is  a  white 
malleable,  rather  lustrous  metal ;  fuses  at  a  red  heat,  and  at  a 
higher  temperature  volatilizes;  slowly  oxidizes  in  air,  and  at 
a  high  temperature  burns;  decomposes  water  with  energy  at 
ordinary  temperatures. 

325.  The  principal  compounds  of  barium  are : 

Baryta  or  protoxide  of  barium »«/> 

Chlorlde'of  barium '.'.'.'.'.'.'.'.'.Baci. 

826.  Baryta  is  prepared  by  beating  the  nitrate  of  baryta  to 
bright  redness  until  no  more  fumes  are  given  off.  It  is  a  very 
heavy  gray  porous  muss,  which  absorbs  water  on  exposure  to  the 
air,  and  falls  to  a  white  powder  of  hydrate  of  baryta.  The  hydrate 
fuses  at  dull  redness,  and  becomes  crystalline  on  cooling;  it  is 
soluble  in  2  parts  of  boiling  or  in  20  parts  of  cold  water,  and  by 
continued  exposure  to  the  air  passes  into  carbonate  of  baryta 
The  hydrate  of  baryta  and  all  its  soluble  salts  are  eminently 
poisonous.  "^ 

827.  The  chief  salts  of  baryta  are: 

Nitrate  of  baryta BaO.NO, 

Sulphate  of  baryta BaO.So' 

Carbonate  of  baryta BaO.COt 

w,T*  ^!'\*'^;°'"'^f  of  ^"^^"^  a«<i  nitrate  of  baryta  are  much  used  as 
tests  tor  sulphuric  acid  with  which  they  form  insoluble  sulphate  of  baryta 

irHmZTa/'^'''''"''^^^^  "^°^'*^  »^-<Aer<^«>.  the  sulphate  as  Cawk 

STRONTIUM. 
^  328.  Strontium,  Symb.  Sr}  Equiv.  44 ;  was  discovered  by  Davy 
m  1808.  It  is  a  wl^ite  metal,  heavier  than  oil  of  vitriol— in  which 
It  sinks  ;  was  named  from  Strontian  in  Scotland,  where  it  was 
discovered.  Its  salts  and  other  compounds  bear  a  very  close  * 
resemblance  to  the  corresponding  compounds  of  barium,  and  are 
distinguished  by  the  red  tinge  they  impart  to  flame. 
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METALS  OF  THE  EARTHS  PROPER, 


LECTURE  XX. 

ALUMINUM. 

329.  Aluminum,  Symb.  M;  Equiy.  13.7;  Spec.  Gray.  2600  • 
was  discoyered  in  the  year  1808,  by  Dayy,  in  clay,  and  was 
named  from  alumen,  the  Latin  name  of  alum. 

Aluminum  is  an  iron-grey  solid,  having  but  llttlo  metallic 
lustre;  is  almost  infusible ;  is  combustible;  is  not  acted  upon 
by  water ;  is  hard  and  yery  sonorous  ;  is  rather  malleable  and 
ductile ;  forms  alloys  with  copper,  silver,  and  iron,  but  not  with 
lead  or  mercury ;  its  alloy  with  copper  is  very  hard,  and  takes 
ft  high  degree  of  polish. 

330.  Alumina  ob  Sksquioxidb  of  Aluminum,  Al^O^,  exists  na- 
tive, almost  pure,  in  the  Sapphire,  Ruby,  Topaz,  Corundum',  Ac. 
(Emery  is  an  impure  corundum.)     It  is  obtained  by  addinir 
ammonia  to  a  solution  of  alum ;  it  is  a  white  tasteless  solid 
insoluble  in  water,  and  without  action  or  ci'  red  tests  •  is 
highly  hygrometric;  when  moist  and  fret^l  -   nrecipitated    it 
is  remarkably  plastic,  and  hence  its  uso  inVuUery,  &c  •'  it 
has  a  strong  affinity  for  organic  fibre,  and  al.o  for  coloring 
matter,  and  is  therefore  used  in  dyeing  as  a  mordant  (French 
mordant,  "biting").     The  pigments  called  lakes  are  made  by 
precipitating  solutions  of  coloring  matter  by  alumina  ;  is  a  most 
powerful  absorber  of  ammoniacal  salts,  and  hence  one  reason  of 
its  great  value  as  a  manure. 

331.  The  principal  compounds  of  alumina  are  the  alums  and 
the  silicates.    An  alum  is  a  double-salt  composed  of  sulphate  of 
a  protoxide  combined  with  the  neutral  sulphate  of  a  sesquioxide 
and  crystallized  in  cubes  or  octahedra  with  24  equivalents  of 
water,  its  general  formula  being  : 
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332.  The  principal  alunjg  a^H.  their  formula,  are : 

Potash-alum v-ri  vn  ^ji  n   ««>» 

Soda-alum....  v  A  f/,"^.  .*,^"'^^'+     ^^' 

Anmonia-chrome-.  ^a:.'. fff'o%  ^^^^ 0,M0,+2iB0. 

stitute  a  large  portion  of  the    olid  crust  of  the  earth       The 
principal  are  the  fol' ow  ng ;  ^^® 

Potash  PeldH  ar  KO,.SiO,^Jl^o,,3Sm. 

Soda  Feldspa    t^<*''^'  "*  albite. 

Lithia  Feldspar. 

Lime  Feldspar. 

Mica  h  a  dchle  silicate  of  ^,,0,  a»d      o,  t^,  „„„  ^ 
Often  replaced     v  CaO,  ^     Fe  0 

Hornblende  i,  a  «.,,      ,„     ,uic,te' of  M,^     ,i,i  „„., 
magnesia  and  oxide  o   iron.  ' 

Granite  and  gneiss  are  compounds  of  Quart  idgpar  and 

Clays  are  hydrated  silicates  of  alumina,  the  purest  belnir 
kaolin  M,0„SiO,  +  sHO.  This  p^rticula^  v'dety  is 
employed  in  the  manufacture  of  porcelain  and  is  produced 
by  the  disintegration  of  feldspathic  rock.  Potter's  clay 
contains  iron,  and  hence  its  red  color. 

Ochres  are  clays  colored  by  iron. 

Fute^°^f ""'  '''  "'^^'  ''^""''^  ^^  '^°°  «"^  manganese. 
Fuller  3  earth  is  a  peculiarly  absorbent  clay 

Many  varieties  of  slates  are  nearly  pure  clays 

Emerald  or  Beryl  is  a  double  silicate  of  alumina  and  glucina. 

OTHER  METALS  OP  CLASS  III. 

334.  Gluoinum,  Yttrium,  Thorium,  Zirconium,   Erbium  and 
bases  of  the  earths  proper.     They  are  found  only  in  small 

r;ra\" ''-  ^^z'  ^-*  -^^  ^^  -^  --'-«: 

in  general  appearance  and    nronftrtSpg    ^h-ir    n-'-^--    -      • 
resemble  alumina.  '    ''"  "^^   ^''""^'^ 
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ZINC— NICKEL-— COBALT. 


METALS  PROPER,  OP  WHICH  THE  PROTOXIDES  ARE 
ISOMURPHOUS  WITH  MAGNESIA. 

ZINO. 

335.  ZiNO,  Symb.  Znf  Equiv.  32*5 ;  is  abluiib  white,  lustrous, 
lamellar,  crystalline  metal,  brittle  at  ordinary  temperatures, 
malleable  at  212°  F.,  and  brittle  again  at  400°  F. ;  fuses  at  a 
red  beat,  and  boils  at  a  white  heat ;  all  of  its  salts  are  poison- 
oua. 

330.  The  compounds  of  zinc  are  chiefly  the  oxide  ZnO^  and 
the  chloride  ZnCl,  and  the  principal  salts  of  the  oxide  are: 

Carbonate  of  zino,  zinc  hUxm,  calumine,.  .2(ZnO,COt)  +  8(ZnO,BO). 
Sulphate  of  zinc,  white  vitriol, ZnO,  SOa,  +  IHO. 

NoTU.  the  oxide  of  zinc  is  employed  as  a  white  paint  in  place  of  white 
lead,  as  it  possesses  the  advantage  of  not  being  dangeroosto  the  workmen, 
and  of  not  being  blackened  by  sulphuretted  hydrogen.  Sulphate  of  zinc 
is  employed  by  dyers,  and  is  used  as  tat.  emetic,  but  is  poisonous  in  largo 

dOEOS. 

NICKEL. 

337.  NiCKSii,  Symb.  Ni;  Equiv.  29*5 ;  is  found  rather  abun- 
dantly in  nature;  often  associated  with  iron  or  arsenic;  is  a 
greyish  white  lustrous  malleable  and  ductile  metal ;  is  attracted 
by  the  magnet ;  is  about  as  fusible  as  iron,  and,  like  iron,  deconti- 
poses  water  at  a  red  heat. 

338.  The  principal  oxide  of  nickel  is  the  protoxide,  and  its  other 
chief  compounds  are  the  chloride  NiCl,  and  the  proto-sulphide 
NiS.  The  protoxide  combines  with  nitric  acid  to  form  nitrate 
of  nickel  NiO,  NO^  -f  6ffO,  and  with  sulphurio  acid  to  form 
sulphate  of  nickel  NO,  SO^  +  1H0.  These  and  most  other 
salts  of  nickel  are  of  a  fine  green  color,  and  are  poisonous. 

COBALT. 

339.  OoBAr.T,  Symb.  Co;  Equir.  29-5 ;  is  about  as  abundant  as 
nickel,  and  bears  a  very  marked  resemblance  to  that  metal  in 
nearly  all  its  properties.    Its  name  is  derived  from  the  Eobolds, 

Or  stIi  Spirits  of  the  miuc,  aud  WoS  gircu  tO  it  by  tuc  iguOfsut  Qcr= 

man  miners  of  the  ipid41e  ages,  who  were  frequently  deceived  by 
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CADMIUM — OOPPBB. 
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the  fine  appearance  of  its  ores,  which  were  nevertheless  valueless 
until  the  close  of  the  16th  oenturj,  when  they  were  first 
employed  for  coloring  glass.  Cobalt  is  attracted  by  the  mag- 
net. There  are  several  oxides  of  cobalt  -,  the  protoxide  is  basic, 
and  combines  with  acids  to  form  salts,  which  are  red  when 
hydrated,  but  blue  when  the  water  of  hydration  is  expelled. 
The  soluble  salts  are  poisonous. 

CADMIUM. 

840.  Cadmium  is  found  in  nature  chiefly  associated  with  zinc^ 
but  not  in  large  quautities.  In  its  physical  properties  it 
resembles  tin.  It  has  one  oxide,  viz  :  the  protoxide ;  but 
neither  the  oxide,  nor  its  salts,  nor  the  metal  itself  is  of  any 
practical  importance  in  the  arts. 


LECTURE  XXI. 

COPPER. 

341.  Copper,  Symb.  Cu.  (cuprum);  Equiv.  32;  is  a  red 
lustrous  metal,  very  malleable  and  ductile,  ranking  in  the 
former  respect  next  after  gold  and  silver,  and  in  the  latter  next 
after  platinum,  gold,  silver  and  iron  ;  in  tenacity  comes  next  to 
iron  ;  is  the  most  sonorous  of  metals  ;  its  spec.  grav.  varies  from 
8*78  to  8-96  ;  fuses  at  a  red  heat,  and  is  somewhat  volatile  at  a 
white  heat,  its  vapor  burning  with  a  bright  green  flame ;  is 
precipitated  from  its  solution  in  small  cubical  crystals  ;  oxidizes 
in  moist  air  or  in  contact  with  acids  on  fatty  matters.  The  salts 
of  its  protoxide  are  all  exceedingly  poisonous. 

342.  The  principal  compounds  of  copper  are : 

Suboxide  of  copper,  red  oxide  qf  copper,  cuprous  oxide,. .  Oui,0 

Protoxide  of  copper,  black  oxide,  cupric  oxide, (MO 

Binoxide  of  copper, CuOt 

Sut>-chloride  of  copper, CuiCt 

Chloride  of  copper CuCl 

Sub-sulphide  of  copper CmS 

Sulphide  of  copper,. CuS 

Copper  pyrites * FetS4,Cu2S 

843.  Thb  Subozidb  ob  Dinoxidb  or  Coppib  may  be  prepared 
by  adding  a  solution  of  sugar  to  a  solution  of  sulphate  of 
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copper,  and  adding  potaosa  until  the  precipitate  first  pi^oduced  is 
re-dis3olyed  to  a  violet  blue  fluid,  the  red  oxide  of  copper  is 
precipitated  upon  boiling  this  for  some  time.  Cu^O  is  not 
altered  by  exposure  to  air ;  is  resolved  by  acids  into  metallic 
copper,  and  the  protoxide,  with  the  latter  of  which  the  acid  com- 
bines ;  is  a  feeble  base  but  its  salts  possess  little  practical 
interest ;  imparts  a  fine  red  color  to  fluxes  and  is  hence  used  for 
coloring  glass ;  the  surface  of  vessels  of  polished  copper  is  often 
bronzed  by  conversion  into  red  oxide  to  enable  it  to  resist  the 
action  of  air  and  moisture  ;  this  is  commonly  accomplished  by 
exposing  them  to  the  action  of  a  boiling  solution  of  acetate  of 
copper. 

344.  Thk  Protoxidb  or  Black  Oxidb  ov  Copper  is  a  very 
hygroscopic  black  powder :  is  obtained  by  igniting  nitrate  of 
copper  ;  is  reduced  with  extreme  facility  by  carbon  or  hydrogen 
at  a  low  red  heat ;  is  a  very  powerful  base— combining  with 
acids  to  form  the  so-called  cupric  salts ;  is  employed  to  give  a 
blue  or  green  color  to  glass.  Cupric  salts  have  an  acid  reac- 
tion, and  are  in  color  either  blue  or  green ;  they  are  very  poison- 
ous, but  their  effect  upon  the  animal  economy  is,  in  a  measure, 
counteracted  by  grape  sugar,  which  to  some  extent  reduces  the 
cupric  salt  to  insoluble  and  inert  suboxide  of  copper ;  the  proper 
antidote  for  cupric  salts  is  however  an  excess  of  albumen  which 
forms  with  them  insoluble  albuminates  of  copper. 

345.  The  principal  cupric  and  cuprous  salts  are  the  following: 

Nitrate  of  copper  cr  cupric  nitrate CuO,  NO^  +  ZHO. 

Sulphate  of  copper  or  cupric  sulphate, CuO,  SOi-\-hHO. 

Neutral  acetate  of  copper,  distilled  verdigris, CuO,  (C^H-i  0^)^HOi 

Sub-acetate  of  copper,  common  verdigris, {Cu0)i,(C^Hz  0^)-\-QHO 

Sub-carbonate  of  copper,  mineral  green , (CuOU,  CO^. 

Native  green  carbonate  of  copper,  malachite, Cu0,C0i-'rCu0i-\-H0i 

Schweinfart  green,  double  acetate  and 

arsenito  of  copper,. CuO,  (04^303)  +  3(CttO,  AsO^), 

346.  Nitrate  of  Copper  is  obtained  by  acting  on  copper  With 
moderately  strong  nitric  acid,  and  crystallizing.  The  salt  crys- 
tallizes in  dark  blue  prisms  which.deliquesce  in  air,  and  are  very 
soluble  in  water ;  oxidizes  many  tnetals  with  considerable  energy. 
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% 


347.  Sdlphatk  of  Ooppbb,  blue  vitriol,  blue  stone,  blue  cop- 
peras, may  be  formed  by  dissolving  copper  in  gulphnric  acid 
diluted  with  half  its  bulk  of  water,  and  then  crystallizing ;  the 
crystals  are  fine  transparent  blue  oblique  rhombic  prisms  which 
dissolve  in  4  parts  cold  or  2  parts  boiling  water,  but  are  insol- 
uble in  alcohol.  Sulphate  of  copper  is  used  in  galvano-plastic 
as  a  source  of  copper,  and  in  medicine  as  an  emetic  and  an 
escharotic ;  is  also  employed  in  dyeing ;  is  very  poisonous. 


LECTURE  XXII. 

MANGANESE. 

348.  Manqanhsb,  Symb.  Mn}  Equiv.  27.5  ;  Spec.  Grav.  about 
7000;  was  discovered  by  Gahn,  in  the  year  1776,  in  an  ore 
previously  examined  by  Scheele,  and  called  manganese  (also 
magnesia  nigra)  ;  is  a  greyish  white,  brittle  metal,  very  oxidiz- 
able,  and  is  best  preser .  <  u  in  naphtha. 

349.  The  compo»nds  of  manganese  and  oxygen  are  five  in 
number,  with  two  compound  oxides     They  are  as  follows  :— 

Prof  oxide  or  manganous  oxide> MnO. 

Sesquioxide  or  manganic  oxide, ilfn  ?  O3 . 

£inoxide  or  peroxide, MnOz. 

Manganoso  oxide  or  red  oyide, JUn^O^  or  Mn 0-\-Mn 2 O j < 

Varvicite, MuiOi  ot Mni03-\-2MnO%> 

Manganic  acid, MnO^. 

Permanganic  acid, Mn^  Oj . 

Note.— The  acids,  manganic  and  permanganic,  ar6  known  only  in  coin^ 
bination  with  bases.  ^ 

IRON. 

350.  Iron  (Lat.  Ferrum),  symb.  Fe;  equiv.  28;  Sped,  grav; 
7-700  ;  was  known  in  very  ancient  times ;  has  a  bluish-gr^iy 
color,  and  a  strong  metallic  lustre ;  is  very  ductile,  moderately 
taalleable,  and  exceedingly  tenacious.  Its  melting-point  is  very 
high  (2786«»)  ;  it  becomes  pasty  before  it  melts,  and  is  then  capa- 
ble of  being  welded,  and  also  of  being  hammered  or  moulded  into 
any  form ;  is  magnetic,  and  in  the  form  of  steel  may  be  made 
permanently  so,  but  the  magnetism  of  soft  iron  is  very  transient; 


IROIJ. 


oxidizes  very  slowlj  in  dry  air  at  ordiadry  temperatures,  bat 
rapidly  ia  moist  air  or  when  heated ;  burns  in  the  air  at  a  white 
heat,  or  in  oxygen,  in  which  it  throws  off  brilliant  scintillations. 

351.  The  principal  compounds  of  iron  are  the  following : 


Protoxide  of  iron, FeO. 

Sesquiox.  orperox.  of  iron,..Fe203. 
Blaok  oxide  of  iron,...  ...  .Fe-iOi. 

Ferric  acid, FeO^. 

Protochloride  of  iron, FeCl. 


rerohlotide  of  iron, Fet'Cla. 

Protoiodide  of  iron, Fel. 

ProtOBulphide  of  iron, FeS. 

Sesqiiisulpliide  of  iron, FeiS^. 

Bisulphide  of  iron FeSz  • 


352.  Protoxide  or  Fbrrods  Oxidb  or  Iron,  FeO,  is  a  very 
powerful  base ;  is  almost  unknown  in  a  separate  state,  owing  to 
its  tendency  to  attract  an  additional  quantity  of  oxygen  and 
become  peroxide ;  it  combines  with  acids  to  produce  salts,  which 
have  generally  a  pale  green  color,  though  some  are  colorless. 

853.  SisQuioxiOB  OF  Iron,  Pbroxidb  of  Iron  or  Fbrrio  Oxidb, 
^egOg,  is  a  feeble  base;  is  isomorpbous  with  aluoiina  ;  is  not 
m&gnetic ;  with  acids  it  forms  salts,  which  are  in  color  either 
yellow,  brown,  or  red. 

354.  Blaok  Oxidb  of  Iron,  MAaNBTio  Oxide  ;  Loadstonb  ; 
Fe^O^ ;  is  regarded  as  a  mixture  of  protoxide  aud  sesquioxide^ 
u  e.  Fe.^0^  =  FeO-^-Fe^O^.    It  is  incapable  of  forming  salts. 

355.  Fbrrio  Aoid,  FeO^,  corresponds  to  manganic  acid,  and, 
like  it,  has  never  been  isolated.    It  forms  salts  called /erra^es. 

356.  Protosulphidb  of  Iron  is  much  used  as  a  source  of  sul- 
phuretted hydrogen :  the  bisulphidf^  occurs  native  crystallized 
in  cubes,  under  the  name  of  iron  pyrites,  and  is  sometimes  used 
as  a  source  of  sulphur. 

857.  The  principal  salts  of  the  protoxide  of  iron  are  :•— 

Cabbonatb  of  Iron^  or  Carbonate  of  the  Protoxidb  of  Iron^ 
FeOf  CO2,  which  occurs  native  in  chalybeate  waters,  and 
also  in  spathoze  iron-ore  and  clay  iron-stone. 

Protosclphatb  of  Iron  ;  Sulphate  of  the  Protoxide  of  Iron  ; 
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PbOTOKITRATB  OF  IBOK  ;  NlTRATB  OF  TBI  PrOTOXIDH  OF  IboH 

Fbrrous  Nitratb,J'c  OjiV^Oj.  ' 

858.  The  principal  salts  of  the  peroxide  of  iron  are  : 

Pbrsulphatb  of  Iron,  Sulphatb  of  tot  Pbroxidb,  Tirrio  Sui- 

PHATB,  Fe2,Oy,3S03, 
Fbrrio  Oxalate,  i^g^OgjSCi^Oa.  .       " 

Fbrric  Acbtatb,  JFfej  C^fiC^H^  0^. 

359.  The  principal  ores  of  iron  are  the  following  : 

J  Clay  Iron-stonb— a  carbonate  of  the  protoxide,  generally 

containing  lime  and  magnesium. 
11.  Spathic  Iron-Orb— crystallized  carbonate  of  protoxide. 

III.  Red  Hematite— pure  peroxide. 

IV.  Brown  Hematite— hydrated  peroxide. 

V.  SpbcuivAr  Iron-orb— crystallized  anhydrous  peroxide. 
VI.  Black  Oxide  or  Magnetic  Oxidb  of  Iron.  *      "  " 

VII.  Black  Band— a  variety  of  compact  claiy  iron-gtone,^  cbi- 

taining  bituminous  matter.       "     '*    ''     '    '      ^ 
Vin.  Bog  Iron-orb— a  mixture  of  hydrated  peroxide  and 
phateofiron.  '''•"'■   ^''•"<'--\   r, 

;||lX.IftONPYRiTBs-a  bisulphate  of  ifon,  and  'emplc^ed' as  i" 
source,  not  of  iron  but  of  sulphur.       •'''•'■  c  -  ^  <  i  >  n  > 

•'  ■   '   '  ■  ''■■'^'      '•-"•■'   ""!' ";^'^''<' -solo- ■)..  ..:j„i,i{r> 
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360.  Lead,  Symb.  Ph  ;  Equiv.104 ;  is  obtained  principax.^  ,rum 
the  sulphide  (galena)  by  roasting  to  expel  the  sulphur,  but  there 
are  numerous  other  ores  of  the  metal.  Lead  has  a  epeo.  gtav.  of 
11-445 ;  melts  at  612Q  P.,  and  shrinks  considerablr  upoh  'solidi- 
fying; like  most  other  metals  assumes  the  octahedral  form  upon 
crystallizing  j  not  very  easily  oxidised  when  massive,  but  *xpo«Bd 
to  the  air  its  surface  soon  tarnishes  by  becoming  covered  by  an,, 
exceedingly  thin  film  of  oxide;  is  aot  affected  by  pur*  water 
tree  from  air  at  the  ordinary  temperature,  but  if  *ir' be  pr^aent 
the  lead  is  oxidized  at  its  expense,  and  is  hence  found  in  the' 
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water ;  if  carbonic  acid  or  sulphuric  acid  be  present  in  the  water, 
it  combines  with  the  oxide  of  lead  thus  formed,  and  the  salt  is 
deposited  upon  the  metal,  and  being  insoluble  protects  it  from 
further  oxidation ;  hence  soft  or  rain  water  cannot  be  safely 
employed  for  domestic  purposes  if  preserved  in  leaden  cisterns, 
but  hard  water  is  less  contaminated. 

361.  The  principal  compounds  of  lead  are  the  following  : 

Suboxide  of  lead, ,  P5„  q 

Protoxide  of  lead,  massicot,  litharge, Pb  O 

Sesquioxide  of  lead, PbzOa 

Binoxide  of  lead,  puee  oxide,  plumbic  acid, pj  q- 

Minium  or  red  lead,  plumbate  qf  lead, (2PbO+PbOi  )=Pbi  Oi 

Chloride  of  lead, Pb  Ci 

Sulphide  of  lead  or  galena, p^^ 

Oxy 'Chloride  of  lead,  mineral,  Paris  or  Turner's  yellow, PbCl,7PbO, 

862.  The  only  oxide  of  lead  that  is  salifiable  is  the  protoxide; 
this  is  called  massicot  when  it  has  not  been  fused,  and  litharge 
when  crystallized  by  fusion. 

PbO  is  soluble  in  7000  parts  of  distilled  water,  but  is  much 
more  soluble  in  water  containing  sugar.  All  of  its  salts  are 
poisonous,  but  none  eminently  so.  The  sub-acetate  is  a  more 
powerful  poison  than  the  carbonate.  The  sulphate  of  lead  is 
insoluble,  and  hence  sulphuric  acid  and  soluble  sulphates  are 
employed  as  antidotes  for  lead.  A  compound  of  litharge  and 
lime  is  used  for  dyeing  the  hair  of  a  purplish  black  color,  the 
change  of  color  being  due  to  the  action  of  the  sulphur  of  the 
hair,  which,  with  the  lead,  produces  black  sulphide  of  lead. 

863.  The  principal  salts  of  the  protoxide  of  lead  are  the  fol- 
lowing : 

Nitrate  of  lead, PbO,NOs. 

Sulphate  of  lead, PbO,So3. 

Carbonate  of  le&d,  ceruse,  white  lead, PbO.COz. 

Chromate  of  lead,  chrome  yellow, PbO,Or03. 

364.  Oarbokatb  of  Lead  is  an  invaluable  pigment,  is  insolu- 
ble in  pure  water,  but  dissolves  in  water  containing  carbonic  acid 
or  any  other  acid  which  forms  a  soluble  compound  with  its  base ; 
ii  biackeaod  hj  Buiphuretted  hydrogen,  hence  the  blackening 
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Of  common  white  paiala  i»  ,table>  and  other  places  where  ih.» 
g«  «  evolred  ;  i.  alao  employed  in  glazing  carda  ' 

van.d.um  and  .elluriun.  are  among  the  rarest  of  the  eleLtj   ' 

TIN. 

bar  of  tin  is  bent  is  due  to  the  friction  of  th«  !      .  ,  ^'"  * 

another;  melts  at  442o  F    and  wt«n  ""^ '^' '/^''^^'  "P°°  one 

'  ****    *^  ■}  *na  when  poured  intn  «.  ii«f  :-^ 

mortar  and  continually  stirred  till  mW  i.  u  "^^'^ 

powder;  i,hnte„ght,A„s::rt:;rcr:s^ 

m  the  a.r  at  a  very  elevated  temperature,  being  converted  i"o 

367.  The  principal  compounds  of  tin  are  the  following : 
Protoxide  of  tin,  stannous  acid, 

Binoxide  of  tin,  stannic  acid, .*.".'.'.' ^^  ^ 

Metastannic  acid, SnOi 

Protochloride  of  tin, '^**'  ^'  " 

Perchloride  or  bichloride  of  tin *"  ^^ 

Sulphide  of  tin, ' Sn  Clg 

Bisulphide,  aurum  mu,»y„,;,:^Vafc  ^•^;^  ,;--^^^^ 

368.  Pbotoxidb  of  tin  is  obtained  from  protochloride  nf  fJn 
by  precipitation  with  an  alkaline  carbonate.'  Thus  obleV^^ 
IS  a  white  hydrate,  which  heated  to  redness  in  an  atmos^^^^^ 

in  thf  rm':;;^'  "'""'^^^'^"'^^'^---^^^i  -  aisokn'o;: 

in  the  form  of  olive-green  and   red  powders.      When  heated 
in  a,r  the  protoxide  burns  like  tinder,  and  becomes  binoxide 

SnO  13  insoluble  in  water  but  is  soluhi^  ;«  -„;^ -..y  _  .     .  ^J 

oomhine.  toform  salt,  which  are  not  v^^weTu^o;;':"  IrZo 
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AOiD,  Sn  0{,  is  obtained  by  precipitating  the  bichloride  of  tin,  and 
is  sometimes  employed  in  polishing,  under  the  name  of  putty 
powder.  Pbotoohlobidb  op  tin  is  obtained  by  boiling  fragments 
of  tin  in  dilute  hydrochloric  acid  and  evaporating  to  crystal- 
lization. BioHLORiDB  OF  TIN  may  be  obtained  by  saturating  a 
strong  solution  of  protochloride  of  tin  by  means  of  a  current  of 
chlorine  gas.  Both  ^f  the  chlorides  may  also  be  obtained  in  an 
anhydrous  state  ;  they  are  chiefly  of  use  as  re-agents  and  in  the 
process  of  dyeing.  Bisulphidk  of  tin  is  prepared  in  the  dry  way 
by  igniting  a  mixture  of  stannic  oxide,  sulphur,  and  sal-ammo- 
niac in  a  covered  crucible. 

CHROMIUM. 

369.  Chromidm,  Symb.  Cr,Equi v.  27,  exists  rather  abundantly 
in  nature  as  chrome-iron  and  as  chromate  of  lead  ;  exists  to  the 
extent  of  about  6  per  cent,  in  the  ruby ;  also  gives  color  to  the 
emerald.*  Chromium  is  magnetic  only  at  very  low  temperatures ; 
is  very  infusible ;  is  attacked  with  difficulty  by  acids ;  has  a 
spec,  grav  of  about  5'9. 

370.  The  principal  compounds  of  chromium  are : 

Protoxide  of  chromium  or  chromous  oxide, OrO 

Sesquioxide  of  chromium  or  chromic  oxide, Cra  O3 

Chromic  acid, CrOj 

371.  The  principal  salts  of  chromium  are  those  of  the  sesqui- 
oxide and  the  chromic  acid,  and  of  these  the  chief  are  : 

SuLPHATB  OF  Sbsquioxidb  OB  Chbomio  Sulphatb,  Ct^O^,  3S0^ 
exists  in  three  forms,  viz  :  the  violet  and  green  salts, 
each  containing  15  equiv.  of  water  of  crystallization, 
and  the  red  salt  which  is  anhyhrous. 

Chbomate  of  Potassa,  KO,  Cr03,  exists  as  bright  yellow  anhy- 
drous crystals,  soluble  in  water,  but  not  in  alcohol  ;  pri- 
sonous. ^     ,,,,    jtljyf     ■  •      ■  vA 

Bichromate  of  Potassa,  KO,  2CrO^,  pjcist^,  in  bright  red,tabu- 

_  ,lar  crystals.  .  .        _  ,^;  ^_,.^     •  ■:,s.-^i.!;;  -a'to 

CHBOjiATB  OF  Soda,  iVa6,  CrO^-j-lOHO^  exists  inhyacinthi  red.; 

'  ^      six-sided  prisms  bevelled  at  the  ends,  ,      ,   .,     ,    ,,;       ,  .,; 

_— — ■ — r-. —■ — : — ""■: ,.  '   ;   .  f,  . —  ;    -.    -j    ..  ■  ,■;.    ■■. ;   ':'r^.\il<y^l!]]   V}   0  ^' < 

*lii"  nwi'  recently  been  discovered  by  M.  Tpjiroet  ti^|;^the,-90/j9fflf:9^3 
gethf),  Miibky  quartz,  &c.,  are  due,  not  to  metallic  oxides,  as  was  iformerly 
supposed,  but  to  volatile  hydrocarbons. 
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Ohromatb  of  Ammonia,  NH,  0,  CrO,  crystallizes  in  lemon- 
yellow  needles. 

Chromatb  of  Lkad,  Pb  0,  Cr  0,  «s  the  chrome  yellow  of  painters. 

372.  The  other  metals  belonging  to  this  class  are  not  likely 
to  fall  into  the  hands  of  the  student,  as  they  are  rare  and,  com- 
paratively speaking,  unimportant.     They  are : 

Vanadium,  V,  685;  a  silver  white,  brittle,  nearly  inftisiblo  metal  re* 
Bembling  chromium,  and,  like  it,  forming  colored  compounds.  The  prin- 
cipal  of  these  are  FO,  TO^,  and  FO.,.  The  last  is  Vanadic  Acid-the 
second  is  a  basic  body.  There  are  lllcewiso  several  chlorides,  sulphidoH,  &c. 

MoLYBDEiiUM   Jl/o,  46;  a  white,  brittle,  infusible  metal  with  a  sp.  gr. 

last  is  Molybdic  Acid.  The  Molybdate  of  Ammonia  isemployed  in  analysis 
for  the  detection  of  Phosphoric  Acid,  and  a  mixture  of  Molybdic  and  Phos- 
phoric Acids  i:or  the  detection  of  Ammonia.  Mo  forms  three  chlorides 
and  several  sulphides. 

TUNG8TKN,  W  (Wolfram),  95,  is  a  white,  hard,  brittle  metal  having  sp. 
grav.  of  176;  is  chiefly  found  in  the  mineral  Wolfram ;  forms  two  or  three 

Tlf'lJln.  J/^^""^  ^^'  <'^""'^^***'  ''^''^^^'  *"d  an  intermediate  or  blue 
oxide  W»0^=WO^  +fr03.  It  also  forms  several  chlorides,  sulphides,  &c. 

rELLURiCM,  Te,  64,  is  a  very  rare  metal  resembling  silver  in  appearance ; 
Is  a  poor  conductor  of  heat  and  electricity,  and  so  nearly  resembles  the 
metalloids  that  it  is  by  some  chemists  classed  with  them,  and  forms  a  well- 
marked  group  with  Sulphur  and  Selenium,  which  it  greaUy  resembles.* 
It  forms  two  oxides,  Tellurous  Acid,  TeO^,  and  Telluric  Acid,  TeO.,  a 
compound  with  hydrogen.  Te^,  and  several  chlorides,  all  of  which  resem- 
ble the  corresponding  compounds  of  sulphur. 

TiTANitTM,  Ti,  25,  is  a  rare,  copper-red,  inftisible  metal,  having  a  spec, 
grav  6-3.  Is  chiefly  found  combined  with  iron  in  certain  parts  of  the 
worid.  especially  in  the  titaniferous  iron  ores  of  Canada.  It  combines  with 
oxygen  to  form  two  oxides,  TiO  and  TiO„  of  which  the  last  is  bestknown 
and  is  called  Titanic  Acid.    It  also  combines  with  chlorine,  nitrogen,  &o. 

«„!Ik"  seve.ii  cases  elementary  bodies  may  be  arranged  in  erouns  of  threo 

Element  if  ^^erZl±"l^'^'^  "^iH''*'  «^*«^««-  iS^hisecSSsJhe  second 
C  other  two  Th,?,™!  i"  properties,  combining  number,  &c.,  between 
StL.  c  1  u  *  J'?"^.^^  ^^^^  8"ch  groups  n  ChRjrine,  Bromine  and  Io- 
dine; Sulphur,  Selenium,  and  TelluFium ;  PhosphoruV  ArSc  and  Anti 

hS''  FS?^r,^nl^^'T' '^"^  fv?*'^'""^'  CalcCm"stfomiuS,'';Jd X 
num.    For  example,  we  have  m  the  case  of  the  first  group  named- 


Chlorine, 

Iodine, 

Bromine, 


A  gas, 
A  solid, 
A  liquid. 


Very  strong  affinities, 
Much  weaker  affinities, 
Intermediate  affinities, 


Equiv.35-5. 
Equiv.  127. 


Eq.  :^^ 


127+35-6  _ 


81-25 


So  also  the  equivalent  of  Sulphur  is  16;  of  Tellurium  it  i«  64-2,  that 


of  Selenium  being  about  ^2:^= 40 1,  &c. 
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102  BISMUTH — ANTIMONY. 


METALS  ISOMORPHOUS  WITH  PHOSPHORUS. 

LECTURE  XXIV. 

BISMUTH. 

373.  BiSMDTH,  Symb.  Bi,  Equiv.  213;  found  abundantly  in  the 
metallic  state  chiefly  disseminated  in  quartz  rork  ;  is  also  found 
as  an  oxide,  a  carbonate  and  a  sulphide :  ha;  i  greyish  white 
color  with  a  red  tinge  and  a  metallic  lustre  ;  is  very  brittle  and 
crystalline ;  fuses  at  480°  P.,  and  volatilizes  at  an  incipient 
white  heat ;  fused  bismuth  expands  in  the  act  of  solidifying,  and 
hpnce  its  use  in  type  metal  ;  is  not  acted  upon  by  dry  air,  but 
tarnishes  if  moisture  be  present;  has  a  specific  gravity  of  9'664. 

874.  The  principal  compounds  of  bismuth  are  the  following : 

Binoxide  of  bismuth Bi  Ot 

Teroxide  of  bismuth Bi  O3 

Quadroxide  of  bismuth, 8*04 

Pentoxide  of  bismuth,  biamuthic  acid, Bi  On 

Terchloride  of  bismuth, Bi  C3 

Bisulphide  of  bismuth Bi  St 

Tersulphide  of  bismuth, Bi  S3 

375.  Thb  Tkroxidb  of  Bismuth  (sometimes  spoken  of  as  pro- 
toxide or  sesquioxide)  forms  a  class  of  salts  which  are  very  heavy, 
white,  poisonous,  and  which  excit  an  acid  reaction ;  they  are 
nearly  all  decomposed  by  water  which  throws  down  an  almost 
insoluble  basic  salt,  the  acid  remaining  in  solution.  The  moat 
important  of  its  salts  is  the  nitrate.  Of  this  there  are  two  or  three 
varieties,  as  the  neutral  nitrate  Bi  033iVO„-f  ffO,  and  the  basic 
nitrate  BiO^NO^  -}-  HO.  The  latter  Is  known  as  bismuthum 
album  or  Jlake  white.  The  terchloride  of  bismuth  is  used  as  a 
cosmetic  under  the  name  o{ pearl  white. 


ANTIMONY. 
376.  Antimony,  Symb.  Sb  (Stibium),  Equiv.  129 ;  is  obtained 
iTOui  tuc  native  sulpblde  ;  the  metallic  antimony  of  commerce  is 
always  more  or  less  impure)  and  is  capable  of  being  purified  only 


ANTIMONY. 


103 


with  great  difficulty  ;  it  a  white  brilliant  metal  of  a  laraellated 
Btructure  and  density  of  about  6-75;  is  not  acted  upon  by  exposure 
to  the  air  ;  fuses  about 800°  F.and  volatilizes  at  a  white  beat;  is 
not,  however,  pufflclpnily  volatile  to  be  distilled ;  burns  in  the 
air  at  a  red  heat  producing  abundant  fames  of  oxide  of  antimony. 

877.  The  principal  compounds  of  antimony  are  : 

Toroxide  of  antimony,  antinKmous  acid Sb  03 

PontoxJrte  of  antimony,  antimonic  acid, Sb  Oj 

Antimonurettcd  hydrogen, Sb  H^ 

Terchloride  of  antimony,  butter  qf  antimony, SbCh 

Oxychlorldo  of  antimony,  powder  qf  Algaroth,..Sb  CI3  +  2  SbOj  -f  HO 

Pentaclilorldo  of  antimony, SbCla 

Tersulphido  of  antimony Sb  S9 

Pcntasulphido  of  antimony,  golden  sulphide  qf  antimony, Sb  St 

378.  Tkroxidb  of  Antimony  may  be  prepared  by  ^'saolving  the 
prepared  sulphide  in  about  four  times  its  weight  o(  HCl,  thus 

SbS.^  +  3  HCl=:  Sb  Cl^^BHS, 

the  dissolved  terchloride  is  then  precipitated  as  teroxide  by 
adding  an  excess  of  carbonate  of  potassa,  and  boiling.  It  is  a 
white  insoluble  body,  which  crystallizes  in  needles,  fuses  at  a  red 
heat,  and  at  a  higher  temperature  volatilizes ;  combines  with 
acids  to  form  snlts,  which,  when  soluble,  have  an  acid  reaction. 
Antimonic  Acid,  Sb  0,,  Is  produced  by  the  action  of  strong  nitric 
acid  on  the  teroxide  of  antimony ;  it  is,  when  thus  prepared, 
a  hydrated  solid  Sb  O5  +  5H0,  slightly  soluble  in  water,  and 
less  so  in  dilute  mineral  acids ;  it  combines  with  bases  to  form  a 
class  of  neutral  salts,  the  general  formu  la  of  which  Is  MO,  Sb  0, . 
Most  of  the  salts  of  antimony  are  decomposed  by  water. 

Note. — ^Terchloride  of  antimony  or  butter  qf  antimony  may  be  ob.vi  •jcd 
in  several  ways— as  by  passing  chlorine  over  antimony,  by  dissolving  So  S3 
in  H  CI,  &c.  It  is  a  soft  grey  solid ;  a  powerftil  cautery;  is  decomposed  by 
excess  of  water,  forming  powder  qf  Algaroth. 

The  tersulphido  is  the  common  ore  of  antimony,  and  is  obtained  as  a  fine 
orange  red  precipitate  when  ffSis  passed  through  a  solution  of  SbO^, 
or  one  of  its  salts.  Kermp.9  minerai  i?  a  misture  of  SbS?.  With  SbO^ 
and  SbSi  and  an  alkaline  sulphide,— it  is  obtained  by  dissolving  the  pre* 
pared  sulphide  in  a  solution  of  caustic  potash,  and  then  adding  an  acid. 


ill 
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879.  The  principal  salts  of  antimony  are  the  following  : 

Antlmonate  of  antimony, Sb  O3,  Sb  Os=2(Sb  O4) 

Antlmonate  of  potash KO,SbOs,+mO 

Antiroonate  of  lead,  If^aples  yellow, no,  SbOs 

Oxalate  of  potash  and  antimony, KO,  d  O3  +  Sb  O3, 3  d  O3 

Tartrate  of  potash  and  antimony,.. .  .KO,  Sb,  O3  +  Cg  ir4  Oi  0  +  2  HO 

NOTB.— The  last  two  salts  differ  from  the  ordinary  compounds  of  anti- 
mony in  not  being  decomposed  by  water,  the  tartrate  of  potash  and 
antimony,  or  tartar  emetic.   Potash  tartrate  of  antimony  is  prepared  by 
neutralizing  the  bitartrate  of  potash  by  means  of  teroxldo  of  antimony. 
The  oxide  of  antimony  is  boiled  with  four  times  its  weight  of  water  ana 
the  bitartrate  of  potash  added  in  small  quantities  at  a  time  till  all  the 
oxide  is  dissolved.   The  filtered  solution  on  cooling  deposits  the  crystals  of 
tartar  emetic,— these  crystals  become  white  in  the  air  by  losing  their  water 
of  crystallization.    This  salt  was  formerly  regarded  as  a  double  tartrate  of 
antinony  and  potash,  KO,  dH^  0, 0  +  SbO^,  dHi  Ox  q,  but  Dumas  and 
Graham  and  other  eminent  chemists  prefer  regarding  tartaric- acid  as  a 
Wbasio  acid  having  double  the  atomic  weight  formerly  assigned  to  it.  Upon 
thisviewbitartrateof  potash  is  i:0,zrO(C8  H^  Om)  and  substituting  one 
atom  of  56  O3  for  the  atom  of  water,  we  get  the  formula  for  tartar  emetic 
A-0,  56  0.,,{C8  Jr4  0io). 

The  acid  antimoniate  of  potash  ^  0, 2  56  Oa,  is  the  Antimmium  diet- 
pnoreticum  lavatum  of  the  pharmacopoeias. 


ARSENIC. 

880.  Arsknio,  Symb.  ^s;  Equiv.  75 ;  is  found  in  nature  usually 
in  combination  with  sulphur  or  with  other  metals  as  with  iron, 
nickel,  cobalt,  and  copper.  The  mineral  known  as  arsenical 
pyrites  or  mi$pickel  commonly  contains  iron,  sulphur,  and  arsenic, 
in  the  proportions  represented  by  Fe  S^  +  Fe  As^.  Metallic 
arsenic  may  be  obtained  from  the  sulphide,  or  by  reduc- 
ing a  mixture  of  one  part  of  arsenious  acid  and  three  parts  of 
black  flux,  and  condensing  the  volatilized  metal.    Arsenic  is  a 

i'Steel-grey  lustrous  metal,  crystalline  and  exceedingly  brittle  ; 

^rises  in  vapor  at  about  356»  F.  without  previously  melting. 
The  vapor  has  a  strong  garlic  odor,  ascribed  by  some  to  the 
formation  of  a  suboxide,  it  has  a  density  of  10-39  that  of  the 

■metal  being  about  6-75.    Arsenic  burns  in  the  air  with  a  pale 

Olue  flame,    nrodnninor   Araoninna    ait\A  •     a-wx^n€,^A    *^  ^-~    >i.    :«. 

^nishes;  in  moist  air  it  becomes  gradually  converted  into 
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arsenious  acid.  In  all  of  its  combinations,  as  with  oxygen,  chlo- 
rine, hydrogen,  &c.,  arsenic  exhibits  a  very  close  and  remarkable 
smiilarity  to  phosphorus. 

NoTE.-.MetaUio  arsenio  does  not  poison  until  sometime  after  It  has 
been  swaUowed-probably  not  until  it  has  been  converted  Into  arsenious 
acid.  The  substance  sold  as  Flypotoder  is  a  mixture  of  arsenic  with 
ofToiiraS!'     """^ ''  """^®  ^^  exposing  the  powdered  metal  to  the  action 

381.  The  principal  compounds  of  arsenic  are  the  following: 

Arsenious  acid, ..  .* 

Arsenic  acid .".".'.*.'.'!!!!.'.*].* 'Jo 

Arseniuretted hydrogen, .!!.................... ^'^* 

Bisulphide  of  arsenic,  red  orpiment,  realgar, .... . . . . . . . . , . . . . '  * . "  *  Jg  si 

Tersulphide  of  arsenic,  yellow  orpiment,  King's  yelhw'mipha^ 

aeniousacid, AS 

Pentasulphide  of  «      nic,  nilpharsenic  acid,  ...................  ...'.'.^^  si 

N0Tie.-The  pharmaceutical  praparations  of  arsenic  are  chiefly  the 
"7rS!u  '^  employed  in  cancer,  which  is  prepared  by  ftising  arsenious 
Rcid  with  tersulphide  of  arsenic,  and  the  liquor  arsenicalis,  which  is  a 
soulion  of  arsenite  of  potash,  and  is  prepared  by  dissolving  arsenious 
acid  in  carbonate  of  potassa. 

382.  Ahsjsvious  Acid,  or  White  Arsbnio,  is  obtained  as  a  by- 
product  in  roasting  certain  ores  as  those  of  tin,  nickel,  cobalt, 
&c.,  and  is  purified  by  resublimation.     When  freshly  prepared 
arsenious  acid  is  a  transparent  massive  body,  but  it  rapidly  be- 
comes opaque  externally,  and  the  opacity   gradually  travels 
towards  the  centre.      Newly  prepared  Jla  0,  resembles  glass  in 
appearance,  while  the  opaque  variety  resembles  porcelain.    The 
two  varieties  differ  very  remarkably  in  certain  respects ;  thus,  the 
transparent  form  is  at  ordinary  temperatures  about  three  times 
laore  soluble  than  the  opaque,  and  the  specific  gravity  of  the 
latter  is  only  3-70,  while  that  of  the  former  is  3U.     Arsenious 
acid  volatilizes  without  melting  at  380«>  F.,  producing  a  colorless, 
inodorous  vapor,  of  a  density  of  13-85  ;  Js  0,  is  but  sparingly 
soluble  m  cold  water,  but  more  so  in  hot  water ;   100  parts  of 
water  at  60«  take  up  only  about  -25  of  a  part  of  Js  O,;   the 
samequantity  of  water  at  2120  takes  up  llj  parts  of  the  acid,  and 
upon  coding  to  60«»  F.  retains  3  parts  ;  it  is  much  more  soluble 
m  dilute  hydrochloric  acid  j  both  it  and  its  soluble  salts  are 
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eminently  poisonous  ;  the  antidotes  to  their  action  are  not  very 
reliable  ;  ihe  best  consists  in  giving  a  mixture  of  hydrate  of 
magnesia  and  ferric  sulphate.  The  iron  of  the  latter  forms  inso- 
luble arsenate  of  iron;  and  the  sulphuric  acid  combines  with  the 
magnesia  to  form  sulphate  of  magnesia.  Other  means  taken  to 
counteract  the  eflFects  of  the  poison  are  to  produce  vomiting  if  it 
does  not  occur  spontaneously,  and  to  administer  oils,  or  albumen 
or  hydrate  of  magnesia,  which  envelope  the  particles  of  arsenious 
acid  and  protect  the  coats  of  the  stomach.  Arsenious  acid  is 
bibasic,  and  with  bases  forms  salts  the  general  formulae  of  which 
are  2  MO,  As  O3  and  MO,  HO,  As  0^. 

KOTE.— Arsenious  acid  enters  largely  into  the  composition  of  bright 
green  paints  and  colors,  as  emerald  green,  Scheele's  green,  the  green  colors 
used  in  confectionery— the  green  colors  of  paper  hangings— and  hence  the 
unhealthiness  of  rooms  hung  with  such  paper. 

383.  Abbenio  Acid,  As  O5,  is  obtained  by  heating  arsenious 
acid  in  considerable  excess  of  nitric  and  a  small  quantity  of 
hydrochloric  acid;  (8  parts  of  AsO^-\-2A:  parts  2^05+2  parts 
HCl)  evaporating  the  solution  to  the  consistence  of  syrup,  and 
then 'heating  pretty  strongly  to  expel  the  excess  of  NO,,  and 
HCl.  Arsenic  acid  is  a  white  deliquescent  solid,  very  soluble 
in  water,  but  less  so  after  it  has  been  dried  ;  it  is  easily  reduced 
to  As  O3  by  deoxidyzing  agents,  as  sulphurous  acid  ;  is  also  re- 
duced by  a  strong  heat,  but  undergoes  fusion  before  reduction.  It 
may  be  crystallized  by  slow  evaporation  from  its  solution,  but  it 
does  not  retain  either  its  water  of  crystallization  or  its  basic 
water. with  any  great  degree  of  force  ;  it  forms  poisonous  salts, 
which,  like  those  of  phosphorus,  are  tribasic,  having  the  general 
formulas  ^MO,As  0^;2  MO,  HO,  As  0„  and  MO,2HO,AsOs. 

384.  Arsbniurbtted  Hydrogen,  As  H3,  is  prepared  by  acting 
on  zinc,  in  presence  of  As  O3,  by  dilute  sulphuric  acid.  It  is  a 
colorless  gas  having  a  sickly  alliaceous  odor  ;  is  very  heavy,  its 
specific  gravity  being  2-695 ;  is  soluble  in  water  to  the  extent  of 
1  vol.  in  5,  and  is  completely  absorbed  by  a  solution  of  sulphate 
of  Conner  or  of  nitrate  of  silver :  it  burns  in  the  air  with  a  bluish- 
white  flame,  being  resolved  into  As  O3  and  H  0.  Arseniuretted 
hydrogen  is  exceedingly  poisonous  when  inhaled  even  in  the 
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sm&  c<jt  quantities  ;  this  is  evident  when  it  is  remembered  that 
it  contains  by  weight  962  per  cent,  of  arsenic,  or  that  one  cubic 
inch  of  the  gas  contains  J  of  a  grain  of  arsenic  in  a  finely  divided 
state. 


THE    NOBLE    METALS. 

LECTURE    XXV. 

SILVER. 

385.  Silver,  Symb.  ^g  (Argentum),  Equiv.  108  ;  is  a  metal 
of  a  dazzling  white  color  ;  harder  than  gold,  but  not  so  hard  as 
copper ;  very  malleable  and  ductile  ;  Is  more  tenacious  than  gold 
but  less  so  than  iron,  copper  and  platinum ;  it  has  a  spec.  grav. 
of  about  10-500  ;  fuses  at  a  bright  red  heat,  and  at  a  very  bright 
white  heat  it  volatilises  slowly  ;  is  not  affected  by  exposure  to 
air  even  in  the  presence  of  moisture,  but  becomes  covered  by 
sulphide  in  the  presence  of  air  contaminated  by  HS.  Fused 
silver,  under  certain  circumstances,  absorbs  mechanically  22 
volumes  of  oxygen  from  the  air,  and  upon  solidifying  evolves 
It  again,  becoming  somewhat  arborescent  in  appearance;  mav 
be  obtained  pure  from  silver  coin,  or  standard  silver,  by  dis- 
solving in  nitric  acid,  evaporating  nearly  to  dryness  to  expel 
excess  of  NO,,  diluting  largely  with  water,  and  suspending  a 
plate  of  clean  copper,  as  a  clean  penny,  in  the  solution  of  nitrate ; 
the  silver  is  thus  precipitated  in  a  crystalline  powder,  and  must 
be  thoroughly  washed  by  decantation. 

386.  The  chief  compounds  of  silver  are : 

Suboxide  of  silver, ^     ^ 

Protoxide  of  silver, ^?o 

Binojcide  of  silver, /^ 

Chloride  of  silver, '. • ^^^^^ 

Sulphide  of  silver, [..      X^ 

Iodide  of  silver, '.'.'.'.*.*.".*.'.'.*.'.*.*. V.V.V.V.^yj 

387.  The  most  important  oxide  of  silver  is  the  protoxide.   This 
is  prepared  by  decomposing  nitrate  of  silver  by  excess  of  potassa. 

It  IS  a  dark  hrnwn  nr>nr>^AM   «in*~i j ■t  •      '•   !.• 

jjvTT^ci,  oiOmjr  rcuucea  oj  light,  ana  more 

rapidly  by  moderate  heat;  a  powerful  base-uniting  with  most 

acids  to  form  (commonly)  neutral  salts ;  dissolves  in  ammonia  to 
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form  fulminating  silver,  >^gyN;  colors  glass  yellow.    Its  princi- 
pal salt  is  the  nitrate  of  silver. 

388.  NiTBATB  OP  SiLVBB,  luTiar  caustic,  Jig  0,  JVOs,  is  best  pre- 
pared I:  ■'  obtaining  the  pure  metal  as  directed  in  Art.  385,  and 
dissolving  it  in  dilute  nitric  acid  with  aid  of  heat.  Upon  evapo- 
ration it  crystallizes  in  colorless  square  tables  which  are  anhy- 
drous ;  soluble  in  1  part  cold  or  in  |  part  of  boiling  water,  or  in 
4  parts  boiling  alcohol ;  fuses  at  426'*  F.,  and  is  cast  into  little 
sticks  for  surgeons,  who  use  it  as  a  cautery ;  is  a  very  valuable 
reagent ;  blackens  in  contact  with  organic  matter  upon  exposure 
to  light,  and  is  hence  used  in  photography,  and  in  the  manufac- 
ture of  the  so  called  indelible  inks :— the  best  permanent  marking 
ink  consists  of  1  part  >AgO,  NOn,  and  4  part3  of  gum  arable 
dissolved  in  4  parts  of  water.  The  linen  previous  to  marking 
should  be  wetted  with  a  solution  of  carbonate  of  soda. 

GOLD. 

889.  Gold,  Symb.  Au  (Aurum),  Equiv.  98'5* ;  spec.  grav. 
19*300 ;  is  the  only  metal  of  a  yellow  color  ;  most  malleable  of 
all  metals  ;  also  very  ductile,  but  not  so  tenacious  as  mauy ;  is 
almost  as  soft  as  lead  ;  fuses  at  about  2500°  F.,  and  contracts 
considerably  in  becoming  solid ;  is  not  volatilized  in  the  most 
intense  heat  of  a  furnace,  but  slowly  passes  into  vapor  between 
the  electrodes  of  a  powerful  battery,  in  the  oxy-hydrogen  flame, 
or  in  the  focus  of  a  powerful  burning  glass ;  does  not  tarnish  in 
the  air  at  any  temperature,  nor  in  presence  of  moisture  ;  is  not 
acted  upon  by  any  single  acid  ;  is  dissolved  in  a  mixture  of 
nitric  and  hydrochloric  acids  ;  is  capable  of  being  welded  at 
high  temperatures. 

890.  The  principal  compounds  of  gold  are  the  following : 

Suboxide  of  gold,  aurous  oxide, Au^O 

Seequioxide  of  gold,  auric  oxide,  auric  acidt Aut  O3 

Subchloride  of  gold,  aurous  chloride,. Au2 CI 

Scsquichloride  of  gold,  auric  chloride,  perchloride, Au^  Cl^ 

Bubsulphide  of  gold,  aurov^  sulphide, Au^S 

Sesquisulphide  of  gold,  auric  sulphide, Au^Sz 


*  Some  chemista  double  the  above  number  for  the  equiv.  of  gold,  making 
it  197.  In  this  case  the  oxides  are  AuO  and  AuOi,  the  clilorides  AuCl  and 
AuClit  &c« 
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391.  Neither  of  the  oxides  of  gold  is  capable  of  combining  with 
oxygen  acids,  but  the  auric  oxide  combines  energetically  with 
bases  10  form  salts  which  are  generally  colorless,  and  which 
for  the  most  part  are  not  decomposed  by  water.  The  principal 
salts  of  gold  are : 

Aurate  of  ammonia,  fulminating  gold, j  jv»3 ,  Au^O^  4-HO 

Aurate  of  potash JCO,  ^ue  O3  +  6^0 

Auro-aulphlte  of  potash, KO.  AuiO^Jr^^KO,  280^ )  +  ^HO 

Purple  of  Oassius, Au2 0,SnOt  +  SnO,  SnO^  +iHO 

392.  The  Sbsqui-chlobidb  of  Gold,  Au^Cl^,  is  obtained  by 
dissolving  gold  in  1  part  nitric  acid  and  4  parts  hydrochloric 
acid,  and  carefully  evaporating  the  solution  on  a  water  bath. 
Thus  procured,  it  is  a  deliquescent  dark-red  crystalline  mass, 
which  is  readily  decomposed,  leaving  sub-chloride  of  gold  or 
metallic  gold  according  to  the  temperature.    It  is  soluble  in 
water,  alcohol,  and  ether,  and  its  solution  has  an  acid  reaction 
and  a  yellow  color.    Ether  removes  it  from  solution  in  water,  and 
the  etherial  solution  is  sometimes  used  medicinally  under  the 
name  of  aurumpotabile.  The  sesquichloride  orperchloride  is  very 
easily  decomposed  and  reduced,  as  by  H,  C,  CO,  NO^,  P,  50,, 
■PO3,  PO^  and  its  salts,  nearly  all  the  metals,  and  most  organic 
substances.      It  combines  with  most  other  chlorides  to  form 
double  salts. 
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393.    Platinum,  Symb.P^,Equiv.  98-5,  spec:  grav,   21-63, 
exists  in  three  forms,  viz.  metallic  platinum,  blacl^  platinum,  and, 
spongy  platinum;   platinum-black  is  prepared   by  dissolving" 
protochloride  of  potassium  in  a  concentrated  solution  of  pot- 
ash by  aid  of  heat,  and  adding  alcohol  by  small  quantities  at  a' 
time,  with  constant  stirring,  the  precipitated  -platvmmi-btad, 
must  be  purified  by  boiling  successively  in  &icohol,  hydro-| 
chloride  acid  and  potash,  and  finally  f()ur  or,  ^ve, times  iu^ 
water.    Spongy  platinum  is  prepared  by  heating  to  rediesa  the  ' 
double  chloride  of  ammonium  and  platinum.    Metallic  platinum' 
ia  a  nearly  white  metal,  very  lustrous,  very  malleable,  ductile 
and  tenftcioua ;  ri^ther  harder  than  copper,  but  softer  than  silver  j 
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is  not  effected  hy  exposure  to  air  at  any  temperature,  and  is 
not  melted  even  in  the  hottest  furnaces  ;  may  however  be  fused  in 
the  flame  of  the  oxy-hydrogen  blowpipe,  or  between  the  elec- 
trodes of  a  powerful  battery ;  is  easily  welded  at  high  tempera- 
tures ;  is  insoluble  in  all  acids  except  aqua-regia. 

394.  The  principal  compounds  of  platinum  are  : 

Protoxide  of  platinum,  platinoua  oxide, Pt  O 

Binoxide  of  platinum,  platinic  oxide, Pt  O4 

Protoctiloride  of  platinum, Pt  CI 

Bichloride  of  platinum, PtCl^ 

Frotosulphide  of  platinum, pt  s 

Bisulphide  of  platinum, , pt  g^ 

395.  The  Biohloeidb  of  Platinum,  which  is  of  great  use  in 
analysis,  is  prepared  by  dissolving  the  metal  in  one  part  nitric 
acid,  a,nd  two  parts  hydrochloric,  evaporating  to  the  consistence 
of  a  syrup,  re-dissolving  in  hydrochloric  acid  and  again  evapo- 
rating to  expel  the  nitric  acid.  The  syrupy  residue  solidifies,  on 
cooling,  into  a  dark  red  non-crystalline,  deliquescent  mass,  which 
is  soluble  in  water  and  in  alcohol.  When  heated  it  is  con- 
verted into  protochloride  or  into  metallic  platinum,  according 
to  the  temperature.  The  solution  of  bichloride  of  platinum  is 
yellow,  but  if  any  iridium  or  protochloride  of  platinum  be  pre- 
sent, the  solution  is  red. 


LECTURE  XXVI. 

MERCURY. 

390.   Mbboury,  Symb.  Hg  (Hydrargyrum),  Bquiv.  100  ;  spec. 

grav.  13-596— also  called  Quicksilver  (i.  e.,  moving  silver) is 

the  only  metal  that  is  fluid  at  ordinary  temperatures ;  solidifies 
at— 40°  P.,  and  boils  at  about  662*  F.,  yielding  a  transparent 
vapor ;  volatilizes  slowly  at  all  temperatures  above  68''  F.  The 
mercury  of  commerce  is  generally  vf^ry  pure,  but  it  is  some- 
times contaminated  with  other  metals,  as  tin,  lead,  &c.,  and 
then  has  its  fluidity  remarkably  impaired ;  may  be  purified  by 
distilling  from  half  its  weight  of  iron  filings,  or  by  digesting  it 
with  dilute  nitric  acid*  or  solution  of  corrosive  sublimate,  either 


^It  should  be  agitated  in  a  porcelain  dish  with  a  mixture  of  1  part  nitric 
acid  and  2  parts  water,  the  dish  and  it«  contents  being  kept  heated  to  180^  V, 
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of  which  separates  from  it  the  metals  more  oxidizable  than  itself. 
Have  no  certain  means  of  determining  whether  the  equivalent  of 
mercury  is  100  or  200,  as  we  are  in  ignorance  of  any  isomor- 
phous  relations  ofH?  with  themagnesian  metals  ;  but  the  higher 
ox,de  IS  the  more  stable,  as  also  are  Its  salts,-a  strong  argument 
in  favor  of  its  being  the  protoxide,  and  indeed  it  is  very  generally 
now  so  considered.  Hg  never  dissolves  in  hydrated  acids  by 
substitution  for  hydrogen;  is  not  affected  by  hydrochloric  or 
by  dilute  sulphuric  acid,  but  is  rapidly  oxidized  and  dissolved 
by  nitric  acid. 

397.  The  principal  compounds  of  mercury  are  : 

Mbrcdbous  Oxiob,  suboxide,  black  oxide, ffg  q 

Mbrcdeio  Oxidb,  peroxide,  red  oxide, '.'.*.'.'.'.  HgO 

Mbrodrods  Ohloridb,  subchloride,  calomel,  ........[  Bg  CI 

Mbrodric  CHLomDs,protochloride,  corrosive  sublimate  HgCl 

Mbrcdbous  Sulphidb,  subsulphide, I  jZ  g 

Mbrcdrio  Sdlphidb, cinnabar, '.'.'..',  HgS 

Mercorous  Iodide,  subiodide, .*.*.'.'.*.*  He  I 

Mbrcdrio  Iodide,  proto-iodide, \\\  jj^j 

398.  Mbrodrods  Oxidb  is  obtained  by  acting  on  calomel  with 
an  excess  of  cold  solution  of  caustic  potash ;  is  a  black  powder 
spec.  grav.  10-69  ;  is  decomposed  by  light  or  heat  into  metallic 
Hg  and  protoxide  (Hg,0  =  Hg+  HgO)  •  unites  with  acids  to 
form  salts,  which  when  soluble  are  decomposed  by  water  which 
combines  with  a  part  of  their  acid  and  throws  down  an  insoluble 
subsalt. 

399.  Mbrcdrio  Oxidb  is  prepared  by  several  methods,  as  for 
example  : 

I.  By  heating  mercury  to  near  its  boiling  point  by  contact 
with  air,  when  it  gradually  forms  minute  crystalline 
scales  of  HgO. 
II.  By  heating  the  nitrate  of  mercury,  HgO,NO„  till  all 
the  nitric  acid  is  expelled.  The  mass  is  calcined 
almost  to  redness  till  it  no  longer  evolves  fumes  of 
iW^^hus  prepared  it  forms  a  brilliant  orange  red 

for  several  hours.    The  metal  is  subaennpnfiv  tn  ho  w^ji  ,„.»u-j  . . 

I^tly  heitLg  it'       ^""^  ''''  blotting-paper,  and  subsequently  X>i 
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powder,  crystallized  in  plates,  having  a  density  of 
11-074,  and  is  called  red  precipitate. 

HI.  By  treating  solution  of  corrosive  sublimate,  HgCl,wiih 
an  excess  of  caustic  potash  also  in  solution.    The 
HgO  is  thus  precipitated  as  a  dense  powder  of  lemon 
yellow  color.    This  variety  appears  to  have  stronger 
affinities  than  the  common  red  modification. 
Mercuric  Oxide  is  slightly  soluble  in  water,  and  the  solution 
has  an  alkaline  reaction  to  delicate  color«tests ;  combines  with 
acids  to  form  salts,  many  of  which  when  soluble  are  decom- 
posed by  water  into  an  acid  salt  which  remains  in  solution,  and 
an  insoluble  salt  which  is  precipitated. 

400.  Mbroubous  Chloridb,  or  Calomel,  may  be  produced  by 
rubbing  up  together  in  a  mortar,  4  parts  by  weight  of  mercuric 
chloride,  HgCl,  and  3  parts  by  weight  of  mercury,  and  after- 
wards subliming  the  product.  It  may  also  be  formed  by  sub- 
liming a  mixture  of  1  equiv.  of  mercuric  sulphate,  1  equiv.  me- 
tallic mercury,  with  one  third  their  weight  of  common  salt.  The 
vapor  should  be  collected  in  hot  water,  when  it  condenses  into 
a  beautiful  white  impalpable  powder,  and  the  hot  water  at  the 
same  time  dissolves  out  any  corrosive  sublimate  that  may  be 
carried  over. 

MercurousOhlpride  may  be  obtained,  jn  four-sided  prisms, 
by  8|ow  and  careful  sublimation.  It  is  slowly  decomposed  by 
the  long-continued  action  of  light  in  metallic  mercury  and  cori- 
rpsive  sublimate  (Hg^Cl  =i  Hg  -{■  HgCl)  i  is  almost  insoluble 
in  water,  requiring  some  250,000  times  its  weight  of  water  to 
dissolve  it..  ,         . 

.■>.(••  :;t!,.i,!i-'  7''.;)-i')ITi  ^MUhi'xl  \t[    .1 

40L  Mbboijbic  €hio»idb,  ot  Corrosive  Sublimate,  may  be 
obtained  by  dissolving  red  oxide  of  mercury  in  hydrochloric  acid, 
or  by  dissolving  a  mixture  of  equal  parts  of  mercuric  sulphate 
and  common  salt.  It  dissolves  in  16  parts  cold  and  3  parts 
boiling  water,  in  2j  parts  cold  ot  1^  parts  boiling  alcohol,  or  in 
Sparts  ether.  Its  aqueous  solution  has  an  add  reaction.  HgCl 
crystallizes  from  solution  in  right  rhombic  prisms ;  when  sub- 
limed,' it  cdhdehses  iti  colorless  octahedra ;  forms  an  insoluble 
comjpound  with  albumefn,  and  hence  probably  its  antiseptic 
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power;  is  not  decomposed  hy  HO,SO„  UO,NO,,  oi  HCl  bnt 
18  largely  soluble  in  the  last  two.  ,™i, 

int°Hl  7™  ^.''■"'''■"■"'  "  "»«««»  "  prepared  by  precipitl 
s  blf  /     .  ,'  '°'°"°°  "^  "'*''°'  of  sulphuretted  hydrogen  ;  I, 

Protosulph>de.     M.KcaB,o  S„lp„d.  may  be  prepared  by  ZZ 

parts  of  metallic  mercury  with  constant  stirring,  and  cOTcrine 
to  prevent  the  access  of  air  whenever  it  inflames  from  theTew 

wTlta    "  "'  "'''"'""°  '°''"  "■»'  """""*  ^  k-™  " 

bntr*'  7'!  ^™'°'"'"  '«  "  e«en  powder,-the  PnoTO-iowia?'li 
br  11  ant  red  powder,  which  is  best  obtained  by  mixing  together 
solutions  Of  iodide  of  potassium  and  corrosive  snblimf.,.r 
intt**^;,?°  """,'"',"«  "■«'»''  "e  so  rare  and  so  unlikely  to  fall 
imUth:irrcu°s2r '''""' ""^'■""■"  ""  -"""'""^ 

am*o?„',  !?°  '"'^"^  °'  ""''  ''"""'"ry  eonstitaent  In  a#ven 
amoun  of  any  chemical  compound  may  be  found  by  the  follow, 
ing  statement  in  proportion :— 


of  the  coiDpouiid.J 


Ur;  If  ^  =  the  atomic  weight  or  chemical  equivalent  of  the 
compound, 
e  =:  the  atomic  weight  or  chepical  equivalent  df  Any 
particular  constituent.       , 
1^=  the  weight  of  the  compound  in  lbs.,  obs.  or  g^s.^' 
w  =  the  weight  of  the  constituent  in  question,  iaf  Iba., 
ozs.  or  grs. 
Then£:  e.-.  W:w. 


And  therefore  w  =  -        . 


^^fexAMPLK  l._How  many  lbs.  of  eulphur  ar«  the^  in  loo  lbs.  of  gyp-' 

eOLtTTIOW. 

GypBum  =  CaO,S03  +  2ffO.  ^[)    8 

Therefore  the  atomic  weight  I  =  ^  t  ,^„+  ^Zf  +  60.  , . .  " .    . 

*       I  =  20  -t.  Ifi-l.    9-1-40 oa       'Of  ai  v-i 

Then86  :  16  :  :  100  :  ^-^^  =  18 J}  IbiP^rt^. 
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EzAXFLB  2.-~How  many  grains  of  eaoh  olomontary  coustitueiii  ar* 
there  iu  240  grains  of  oalomei  T 

BOLtJTIOK. 

Calomel  is  subchloride  of  mercury  =  Hg^,  CI. 
Atomic  weight  of  2  equiv.  of  if^  =  200. 
"  "       "1  equiv.  of  CI  =  85-6. 

Atomic  weight  of  calomel 285-6. 

Then285-6  :  200  :  :  240  :  -2^.^—=  208  j?^  grs.  of  mercury. 

And  286-6  :  35-5  :  :  240  :  ^^-^=  36^2/;  grs.  of  chlorine. 

ExAKFLK  8.— How  many  pounds  of  each  elementary  constituent  af0 
there  in  180  lbs.  of  saltpetre  r 

sotUTioir. 

Saltpetre  is  Nitrate  of  Potassa  =  KO,NOi  ^K-\-  N-\-60. 
Atomic  weight  of  1  equiv.  of  AT  =  89. 
"  lequiv,  of  iV=14. 

«*  6  equiv.  of  0  =  48. 


It 


"  "     of  Saltpetre      =101. 

Then  101  :  180  :  :  89  :  ^^  ^— =69/Vf  lbs.  of  Potassium, 


101  :  180  :  :  14  : 
101  :  180  :  :  48  : 


101 
180  xJ4 

101 
180  X  48 

101 


=24^fil-lbs.  of  Nitrogen. 
=  85  i^r  lbs.  of  Oxygen. 


EZER0I9B. 

1.  Give  the  chemical  names  of  the  following  compounds  '.-i 

HO;  CO^  ;  MiO^;  NO^;  ClOj ;  2C,dO;  HOjSO^. 

2.  Give  the  symbols  of  the  following  compounds  : — 
Carbonic  oxide ;    hydrocyanic  acid  ;    potash  ;    nitrate   of 

soda  ;  saltpetre ;  silicic  acid  ;  gypsum ;  Epsom  salts ; 
apatite ;  dolomite ;  permanganic  acid  ;  olefiant  gas  ; 
hydrochloric  acid  ;  calomel  ;  cinnabar ;  selenite  ; 
vermilion  ;  red  precipitate  ;  corrosive  sublimate  ; 
hydriodic  acid  ;  cyanic  acid  ;  ammonia  ;  bleaching 
powder  ;  carbonate  of  soda;  lime. 

3.  Calculate  how  much  of  each  elementary  constituent  therfl 
i»  in  100  oz.  of  each  of  the  foregoing  compounds. 

4.  Given  the  spec,  gray,  of  mercury  vapor  7.000  and  its  che« 
JBiicAl  equiralcfit  100^  find  its  eombining  Tolume. 
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.ght  of  crburetted  hydrogen,  sulphuric  acid ;  tH 
ra^^of^po.a„a  ,  hydrocyanic  acid  ,  tartar  e^e."^ 

intio^lTeXr-fhVfrg'o?^^^^^^^^^^^^^ 

po"nd,°i:  ""  '"■''"''  ""^"'^  0'  ""=-  «'«.«  rollowing  com- 

Protozide  ,  bisulphide ,  pentoxide ,  teriodide :  ,„lph.,e 
carbonate  ,  cyanide  ;  chlorate  ,•  hyposni^iZ  ^  '.! 
qmchonde,   ,e„uichlorate  ;  nitride  ;  en'phioiide 
.e»qn.carbonate  ;  uitrationide ;  .nboiide  •  binox id!  '■ 
pentasnlphide  ;  .esquisulphate  ;  binitrate.  ' 

REAGENTS. 

ai'LTn^tr.^^^^^^^^^  V  presence  oflead, 

eight  part?of  distilled  witer  when  ff  td?'*"'  '^  '""""«  ^"'^  «i*  or 
duced  by  the  sulphate  of  iS  Ii.!oh  •  ?  ^^  ^'■'''°*'  *  °>i^kine88  is  pro- 
When/...03is^d^a^irh;atr  rd?^^^^^ 

It,  the  lead  is  precipitated  as  a  black  sulnhV^!^.,'^  ^'^'^^  **''■«»«»» 
sulphide.    When  a  drop  or  i^o\flTuC'oZ^^^^^^  '  ^«!^- 

with  the  aiupected  aold.  tli«  blno  ..ni™ .-.  j-  ' '"""s" '"  "O.SOi  u,  mixed 

»«t.    Or  tte«0,A.o/C^de°  "'■''*'.  "  °""°  ""'"  "'  »* 


i  I 


Ii6 


RBAOENTd. 


preolpitatfl  with  nilrato  ofsilvor;  and  Hulphurlc  acid,  dtitccted  by  diluting 
the  acid  with  five  timoB  its  weight  of  water,  aud  adding  nitrate  of  bary  tea, 
wia«a  a  white  precipitate  of  sulphate  of  barytos  is  thrown  down.  May  bo 
purifl^'1  by  dii»tilliug  and  rejootinsc  thotirat  andlaut  fourtliH  that  pasti  over. 

IIyd»()C'IU.<  I  Acid.— ImpuritieB,  SO  a  HOa  Cl;Fe  hud  At.  Tho^'Oa 
l»  detected  by  '  hi'  'ido  of  barium,  which  gives  a  white  precipitate  of 
lulpiiate  of  baryU'«.  The  SOi  is  oxidized  by  boiling  with  the  addition  of 
NOi  and  the  resulting  80  s  detected  as  above ;  thu  >  .lilorlno  is  detected  by 
it8  bleaching  a  solution  of  indigo  when  added  to  the  suspected  acid;  iron, 
by  giving  a  gr^'cuish  black  precipitate  with  sulphide  of  ammonium;  ar- 
senic, by  preci,  tatiou  ati  yellow  sulphide  upon  passing  a  current  of  i/>!^ 
through  the  acid. 

Tabtario  Acid  {C\HiO\o  +2ffO)  of  commerce  is  sufficiently  pure.— 
Solution  1  part  in  10  of  water. 

OxALio  AoiD  ( d  Oi-\-3HO)  of  commerce  is  suifioiently  pure.  Solution, 
1  part  in  16  of  water. 

AoKTio  AoiD( 6*4^3  Oa+J^O).— The  liquid  acetic  acid  of  commerce  ia 
pure  enough  for  most  purposes,  and  is  sufficiently  strung.  (May  contain 
aOa,  or  more  rarely  SOi  and  HCL) 

E,THZR{CtHi  O)  of  the  shops  is  sufficiently  pure. 

Alcohol  (C^/ThOj).— Rectified  spirit  hasaspeciflo  gravity  of  0-88,  and 
contains  14  per  cent,  of  water.  Absolute  alcohol  is  obtained  from  rectified 
spirit  by  distilling  it,  first  from  caustic  lime,  and  afterwards  from  ignited 
carbonate  of  potassaor  anhydrous  sulphate  of  copper. 

Watbr  {HO)  for  chemical  purposes  must  be  carefully  distilled. 

Chlobinb  Watek  (H0+2Ct).—Faas  chlorine  gas  into  distilled  water 
till  saturated.    Must  be  prepared  as  required. 

SCLPHUKKTTKD  Hydkookn  (HS).— Add  hydrocUloric  acid  to  protosul- 
phide  of  iron  in  a  gas-bottle;  wash  the  evolved  gas.  When  a  solution  of 
it  in  water  is  employed,  it  should  be  freshly  prepared.  The  solution  ought 
not  to  become  black  on  the  addition  of  ammcnia,  as  it  will  do  if  iron  be 
present. 

Cabbonatb  of  Ammonia  (2iVr£r4  O.aco^ ).— The  clear  white  masses  of 
sesquicarbonate  of  the  shops  are  chemically  pure  ;  dark-colored  portions 
must  be  rejected.    The  salt  is  dissolved  in  4  times  its  weight  of  #old  water 
and  then  mixed  with  1  part  by  weight  of  liquid  ammonia  to  neutralize  the 
excess  of  CO2. 

Ammonia  (^ZTs)  of  commerce  is  pure;  may  be  diluted  with  an  equal 
bulk  of  water. 

Chlobidb  op  Ammonium  (iVrfl^4  0;,.-Di8fio)ve  the  commercial  salt  in 
"water,  add  a  few  drops  of  sulphide  of  tmu;.  D.um,  and  b  il  *i'I  all  odor  ia 
lost;  when  this  mixture  is  filtered  u'>;ii  the  j)  vioipitated  sulphide  of  iron 
it  consists  of  a  solution  of  pure  chloride  of  ammonium. 

Sulphide  of  Ammonium  (NBiS).—Fas3  HS  into  a  solution  of 
NHj  till  the  liquid  produces  no  precipitate  with  a  solution  of  MgO,SO^. 

Oxalate  of  Ammonia  (i\rir4  0,C72  03).— Exactly  neutralize  a  solution 
of  oxalic  acid  bv  ammonia,  and  nrvfltAlli^A    Tho  omrotnia  *»<•»  \^  ax — 1 — j 
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CAUffno  Pot  ABBA  (KO,HO)  of  commenso  t>  «,^  •-. 

PbO-tho  lead   and  SiO,  h^^^gZLAt^^^^^^ 

which  the  roairent  Is  keu       Tl.e  oommnli^r  ,        "'"*  «'""  »*'^**'^  «» 

areinsolubh.     Thealoohoff'^  .olutioiM-.ttuor^n 'n .  I  *"       ^""^ 

to  oool,  and  then  boil  It  In  gtroni  .IcZol    Thi  '  f  k  "'""^  »"" 

on  cooling.    DI„ol,e  :  p.rt  ir/o  of  w.tr        •"""'°"'"°"'«  ■"■J"">H«e. 

.nd'ro^o's^r.'r.er''''''-"'^"'^"*"'"- " » --■»-"■  -' 

lOprrw".,:'  '■o— •^".'X'al.-I.tao,™  the  c.,„n,e„w  .It  In 

poLT"°  '"""  '^'»<'.«°)-P'»P.ro  in  the  ..„o  .,„„„  „  e.n..lo 

Ao:.TA.K  „,  Soda  ,i^„o,a)  of  commerce  1.  ™fflcienlly  p„re.    Dtao-ve 

P«rposcsexcept,„S:i„iS'?;^eXa«„nr"™"^""'    ™''«''  <•»"» 

oo^TcW^I '  He^Th^^ijSrc'r+i'h^  ^'?l  .T"'-'  ■^""'"^  «" 
....  then  powde.  the  .s..„:;ri::i- trw^te'ei  r.rr 

fert  solntlon,  di>.olve  1  p  J,n  lo  o?™to.  '«'y='«»i-tion,.  For 

BiBTTA  Water  la  a  saturated  solution  of  b«rvlii(B»oi    ■n.t^    .. 

sx.r.7.x^o;rdTr^^^^^^^^^^^^ 

inv  mnaa  ia  f/«  K»  u-n.j  _...  *'""*  T  i}  paris  oi  Hour.    T  je  resiilt- 


il 


III 
ill 


118 


BBAaGNTS, 


: 


Chlokidb  of  Babium  (J?aCZ).— Be-cpystalllze  the  commercial  salt  and 
dissolve  in  10  parts  of  water. 

NiTRAxa  OF  BABTTA(BaO,i\r06).—Ke^py8tallize  the  commercial  salt 
and  dissolve  in  10  parts  of  water. 

Lticb  (CaO).— The  white  pieces  of  freshly  burnt  quicklime  should  be 
preserved  in  well-stoppered  bottles. 

Chloride  of  Calcium  ( CaCl  +  HO)  is  prepared  by  dissolving  the  finest 
white  marble,  or  precipitated  carbonate  of  lime,  or  Iceland  spar,  in  hydro- 
chloric acid,  the  acid  not  being  in  sufficient  quantity  to  dissolve  the  car- 
bonate of  lime. 

SULPHATB  OF  LIMB  (000,503  f  2  J70). -Precipitate  pure  carbonate  of 
lime  or  chloride  of  calcium  with  SO^,  and  wash  the  precipitate  till  it  Is  no 
longer  acid.  A  solution  is  made  by  bo'iing  the  salt  in  distiUed  water,  and 
filtering. 

S0LPHATB  0B»  Magnesia  {MgO.SOi  +  7  fl^0).-Di8solve  the  commercial 
salt  in  10  parts  of  water. 
^  Ikon  ( Fe).— The  purest  iron  of  commerce  is  met  with  as  piano-forte  wire, 

Fbeeoits  StJLPHATE  (FeO,SO^  +  7  ^0).— Dissolve  the  commercial  salt 
in  cold  water. 

Fbbbio  Chloride  (Fes  0/3).— Dissolve  the  purest  iron  in  HCl,  boiling 
the  solution,  and  adding  NOs  drop  by  drop  t'U  the  greenish-brown  color 
of  the  solution  changes  to  a  bright  yellow.  The  Fez  O3  is  then  precipitated 
by  excess  of  ammonia,  and  the  precipitate,  after  thorough  washing  with 
hot  water,  dissolved  in  HCl,  care  being  taken  not  to  use  enough  of  the  acid 
to  dissolve  all  the  ferric  oxide. 

Nitrate  of  Cobalt  { CoO,^Os  +  3  ^0).— Dissolve  the  commercial  salt 
in  10  parts  of  water. 

Copper  (Om),  in  the  form  of  clippings,  foil,  and  wire,  should  be  pre- 
served in  well-stoppered  bottles. 

Sulphate  of  Copper  (0*0,503  +5  J70).—Ke-crystallize  the  commer- 
oial  salt  or  dissolve  pure  copper  (obtained  by  electrolysis),  in  hot  sulphuric 
acid.    Dissolve  1  part  of  the  salt  in  10  of  water. 

Acetate  of  Lead  (P60,  J).— Re-crystallize  the  commercial  salt,  and 
dissolve  it  in  6  parts  of  water. 

Nitrate  of  Silver  {AgO.yOnY—Fvise  the  pure  nitrate  (see  Art.  387,) 
and  dissolve  it  in  20  parts  of  water. 

Mercuro-us  Nitrate  (Hgt  O.iVOs).— Dissolve  pure  mercury  in  cold 
NOn  and  keep  the  solution  in  a  bottle  over  metallic  mercury. 

Mercuric  Chloride  (iJsrC?).— The  commercial  salt  is  sufficiently  pure. 
Dissolve  it  in  16  parts  of  water. 

Protochloride  of  Tin  (fi'nCT).— Heat  excess  of  granulated  tin  with 
strong  HCl,  and  filter.  Place  in  the  bottle  containing  the  clear  solution 
some  fi>agments  of  granulated  tin  and  some  very  dilute  HCl. 

Oxide  of  Bismuth  (fiiOa  ).-.Dissolve  metallic  bismuth  in  as  small  a 
quantity  of  JVO5  as  possible.  Dilute  with  water.  Decant  the  super- 
Eatast  Suiu.    Digest  the  precipitate  with  excess  of  ammonia :  piter,  wash 
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ZiHO  (Z/»).-Should  be  kept  in  strips  or  clippings  and  also  granulated. 
(The  latter  variety  is  obtained  by  passing  the  malted  metal  in  a  thin 
stream  into  cold  water.) 

MoLYBDATE  OF  AMMONIA  (J\rJ74  0,«b03).-Roast  the  native  sulphidfl 
of  molybdenum  in  a  platinum  crucible  as  long  as  SOz  continues  to  be 
given  off,  and  dissolve  the  impure  raolybdio  acid  thus  obtained  in  ammonia 
by  the  aid  of  heat.  Upon  filtering  and  crystallizing  by  evaporation,  the 
molybdate  is  obtained  in  a  state  of  tolerable  purity. 

Solution  of  iNoioo—Digest,  for  several  days,  powdered  indigo  in 
concentrated  SO3.  Dilute  with  water-allow  the  mixture  to  settle?  and 
pour  off  the  liquid  from  the  undissolved  and  precipitated  residue 

Solution  of  LiTMPS.-Boil  litmus  in  distilled  water  and  keen  In  an 
open  bottle. 

Litmus  Paper.— Dissolve  litmus  in  water.  Dip  white  writing-paper 
(not  highly  glazed)  into  the  solution,  dry  and  cut  into  narrow  slips,  which 
must  be  preserved  in  stoppered  bottles. 

Bed  Litmus  PAPEB.-Prooeed  as  above,  having  first  reddened  the  Woe 
solution  of  litmus  by  the  addition  of  a  drop  or  two  of  dilute  sulphuric  acid 

Dahlia  Paper  or  Pansy  Paper  is  made  as  above,  the  colored  solution 
being  obtained  by  boiling  the  petals  of  the  purple  dahlia  or  pansy  in  alco- 
hol. These  papers  are  more  delicate  than  Utmus,  and  are  turned  green  bv 
alkalies.  '  ' 

Turmeric  Paper.— Use  alcoholic  extract  of  turmeric,  as  above.  Th« 
•lips  are  turned  reddish-brown  by  alkalies. 

Acetate  of  Lead  Paper  is  prepared  by  dipping  the  paper  into  aolu. 
tion  of  acetate  of  lead.    It  Is  used  for  the  detection  of  H8. 

Gelatin,  in  the  form  of  isinglass,  and  Waixij  SgaAB  4n4  Wnm 
Stabok,  should  be  kept  in  the  laboratory. 


REACTIONS. 
NITRIC  ACID. 

1.  Nitrates  are  for  the  most  part  soluble. 

2.  Nitrates  heated  with  KCf/  detonate. 

8.  Nitrates  heated  with  metaUic  copper  or  mercury,  or  with  SOi  erolra 
red  fhmes. 

4.  Nitrates  in  solution  bleach  solution  of  indigo  in  5'08. 

5.  Nitrates  added  to  dilute  SOi  render  a  crystal  of  ferrom  sulphate 
brown. 

AMMONIA. 

1.  When  free.  Is  distinguished  by  Its  pungent  odor,  and  eraneacent 
action  on  test-paper. 

2.  Salts  of  ammonia  are  volati^KAd  ^^  »"»»* 

punglnund  JlkS'^g^f ***^  ^"'  *  '^^-^^^  ''  «*«"««  P0*««»  '^olre  » 
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REACTIONS. 
CARBONIC  ACID. 


1.  Ctrbonatea  are  decomposed  with  effervescence  by  all  other  acids 
except  HCy. 

2.  The  displaced  carbonic  acid  gas  Is  inodorous,  incombustible,  a  non. 
SDDporter  of  combustion;  heavier  than  air,  so  that  when  poured  on  a 
flame  it  extinguishes  It  as  water  would  do.    It  renders  lime-water  turbid. 

I  OXALIC  ACID. 

i.  Oxalic  acid  or  an  oxalate  heated  with  SO3  evolves  a  mixture  of  C0% 
and  CO. 

fe.  OxaUc  acid  and  Its  salts  precipitate  salts  of  lime,  and  the  precipitated 
oxalate  of  lime  Is  insoluble  in  acetic  acid,  but  it  is  soluble  in  HCl. 

CHLORINE,  OR  HYDROCHLORIC  ACID. 

1.  Tree  chlorine  Is  distinguished  by  its  green-yellow  color,  its  pungent 
suffocating  odor,  its  bleaching  properties,  &c. 

2.  Hydrochloric  acid,  or  chlorides  in  solution,  give  a  white  preoioitate 
with  nitrate  of  silver. 

CHLORIC  ACID. 

1.  Chlorates  detonate  when  subjected  to  friction  iu  contact  with  suU 
phur  or  other  combustible  bodies. 

2.  Chlorates  are  all  soluble  in  water. 

8.  Chlorates  are  all  converted  by  heat  into  chlorides. 

4.  Chlorates  detonate  when  heated  wiih  KCy. 

6.  Chlorates  moistened  with  SO 3  evolve  yellow  ao^,  which  is  very 
explosive. 

6.  Chlorates  in  solution  added  to  tincture  of  litmus,  upon  the  addition 
of  a  few  drops  of  SOi  bleach  the  litmus. 

NoTB.— Test  6  and  6  are  regarded  as  most  characteristic. 

IODINE  OR  HYDRIODIC  ACID. 

1.  Iodine  is  distinguished  by  its  beautiftii  violet  colored  vapor,  its 
bleaching  power,  its  solubility  in  alcohol,  and  in  solutions  of  the  alkaline 
iodides,  its  odor,  the  blue  color  it  strikes  with  starch,  &c. 

2.  Iodine  is  liberated  ft-om  iodides  by  the  action  of  50s. 

8.  Iodine  Is  precipitated  from  solution  of  iodide  as  a  brown  powder,  by 
the  addition  of  chlorine  or  fUming  nitric  acid. 

4.  Iodides  with  .4gr O.iVOs,  give  a  yellow  precipitate  insoluble  inJVO« 
andlniVff^j.  " 

6.  Iodides  with  acetate  of  lead  give  a  yellow  precipitate,  which  dis- 
solves in  considerable  excess  of  water  at  212',  and  upon  cooling  is  de- 
posited in  golden  plates. 

fi.  lOdidafl  in  nnliit.inn  <1n  nnf  crlvaKlnc-.nnl/w  ••r^'V.  ot-..-^!.  .1.111  xi._  ..j, « 

—  -— a- •  —  —«»'.■  w»v«  TT'vu  cTOxvii  t>4u  tuc  luviixie  IS 

llVerftted  by  addition  of  SO3  or  CI,  &o. 
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BROMINE,  BROMIDES. 

J^  ^ft.?5T'°®  1"  '^°«°'««'J  ^y  "»  odor,  ita  color,  its  great  volatility 
w"th  «f  rch  ^  ^''"'^*°*  ^°'''''  *°^  *^'  y""°^  °'^'*''  ^*  "*ri^^ 

=n?'  M'T'**r'u"'f*'  *'^'*'''"«^  "°d  iodides,  are  soluble  in  water,  sparingly 
so  ubie  in  alcohol,  and  very  nearly  insoluble  in  ether.  Bromine  is  libi 
rated  from  a  bromide  m  solution,  by  the  carefUl  addition  of  chlorine.  It 

«r!L°.l  fv.  "'"^u"  *^'  ''''^''  *"**  "^"y  ^«  separated  from  this  by  arita- 
tion  with  ether,  which  carries  it  to  the  surface. 

3.  Bromine,  or  bromides  in  solution,  give  with  AgO,NOs,  a  faintly  veK 

ZS^h:.  '"'''''' " '''""'  ^""^  '^*  ^  ^^'"^^  di;;oived  byVon; 

CYANOGEN  AND  CYANIDES. 

1.  Free  cyanogen  is  distinguished  by  its  odor  (like  that  of  bitter  almonds) 

^^'/.^x^ff '*^®'  '°  solution,  cyanogem.  or  hydrocyanic  add.  give  with 
^90,m),  a  white  precipitate  soluble  in  NH,,  and  (slowly)  fn  boiling 
NO, .  bu  insoluble  in  cold  NO, .  The  gas  cyanogen  may  be  evolved  from 
this  cyanide  ofsilver  by  carei\il  ignition.  y  "«  evoivea  irom 

iLlr'''^^^  are  decomposed  by  acids,  hydrocyanic  acid  being  evolved. 
This  has  an  almond  odor,  bums  with  a  hh,^  flame,  and  is  exceedingly  poi, 
Z^t  ^'""f  «^/"^  *  ^>"1«  ^^^S.  and  boiled  till  all  odor  is  destroyed 
and  the  residue  treated  with  Fe.Cl,,  a  splendid  hlood  red  color 7C 
duced,  owing  to  the  formation  of  ferric  sulphocyanide. 

SULPHIDES. 

1.  Hydrosulphuric  acid  or  sulphuretted  hydrogen  is  recognised  by  its 
odor.  Its  poisonous  and  narcotic  properties,  its  solubility  in  water  to  t»-« 
extent  oftwo  volumes,  its  burning  with  a  blue  flame,  and  the  readineis 
w  h  which  It  may  be  made  to  assume  the  liquid  state  by  pressure  or  cold 
Also  by  Its  precipitating  most  of  the  metals  from  their  solutions 

2.  Sulphides  are.  for  the  most  part,  insoluble  in  water;  but  are  soluble 
m  acids ;  they  are  also  nearly  all  highly  colored. 

3.  Sulphides,  warmed  with  concentrated  SOz  or  ffCl,  generally  rive  ofl' 
HS,  which  18  distinguished  as  above  described. 

JIk^a^t  ^i'^^l'  (insoluble)  may  be  converted  into  soluble  NaS.  by  flision 

sodium  °'  ^"'^    '°^°''  """^  '^  •*""*"  '"^"""^  of  nitroprussfde  of 

SULPHUROUS  ACID  AND  SULPHITES. 
1.  Free  502  is  distinguished  by  its  odor;  solubility  to  extent  of  50 
volumes  in  water ;  its  bleaching  pronerties :  and  it.  ^..Ia^JZ^^LI  ^  ' 

prepared  by  a  solution  of  starch  in  Iodic  acid.  *  *^ 
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2.  Sulphites  are  for  the  most  part  (except  those  of  the  alkalies)  insoluble 
)n  water  and  saline  solutions,  bnt  are  soluble  In  weak  acids. 

g.  Sulphites  heated  with  SO3  are  decomposed  with  effervescence  and 
evolution  of  SO2. 

4.  Sulphites  boiled  with  stannous  chloride  (SnCl)  and  Ha  evolve  HS, 
which  may  be  d^tepted  by  its  blackening  the  acetate  of  lead  paper. 

6.  Sulphites  are  decomposed  by  the  addition  of  HCl,  or  any  other  strong 
acid;  the  SOt  being  evplved  without  the  precipitation  of  sulphur.  (Sul- 
phites are  thus  most  easily  4istingui8hed  from  hyposulphites,  as  strong 
Mids  added  to  the  latter  evolve  SQi  and  precipitate  sulphur,). 

SULPHURIC  ACID  AND  SULPHATES. 

1,  Sulphates  are  for  the  most  part  soluble  in  water;  but  those  of  barium 
mercury,  and  lead,  and  a  few  other  metals,  are  insoluble. 

2.  Sulphates  flised  with  NaO.CO^  on  charcoal  are  reduced  to  sulphides, 
8.  Sulphuric  acid  and  sulphates  do  not  evolve  BS  when  boiled  with  ^ 

solution  of  SnCl  in  ffCl. 

4.  Sulphuric  acid  and  sulphates  give  white  precipitate  with  BaO,NOs  or 
with  BaCl,  The  precipitated  JBaO.SOz  requires  43,000  parts  oi  water  to 
dissolve  it;  is  sparingly  soluble  in  SO3 ;  and  is  insoluble  in  NOs  and  SCI. 

6.  Sulphuric  acid  and  sulphates  give  white  precipitates  with  solutions  of 
mercuric  or  lead  salts,  and  also  with  solutions  of  the  salts  of  strontia  07 
)ime. 

PHOSPHOROUS  ACID  AND  PHOSPHITES. 

1.  Phosphites  (neutral)  are,  with  the  exception  of  those  of  the  alkalies, 
insoluble  in  water;  but  the  acid  phosphites  are  soluble. 

2.  Phosphorous  acid  and  soluble  phosphites  reduce  silver,  gold,  merou* 
rio  and  cuprio  salts,  and  precipitate  the  metal,  especially  upon  boiling  the 
mixture. 

S  Phosphites  in  solution  are  unchanged  by  being  boiled  with  canstio 
potassa. 

4.  Phosphites  (dry)  heated  evolve  pure  hydrogen;  phosphite  of  leadi 
however,  evolves  phosphuretted  hydrogen. 

PHOSPHORIC  ACID  AND  PHOSPHATES. 

1.  Phosphates  when  neutral  are  (except  those  of  the  alkalies)  insoluble 
in  water;  but  many  of  the  acid  phosphates,  especially  those  with  formula 
MO,  2H0,  POg,  are  soluble  in  water.  Most  all  are  soluble  in  acids. 

2.  Phosphates  or  POa  give  with  CaCl  a  white  precipitate,  soluble  with- 
out effervescence  in  acetic  acid. 

8.  Phosphates  or  PO5  give  with  AgO,  NOa  a  yellow  precipitate,  soluble . 
in  NOk  or  in  NH3. 

4.  Phosphates  or  POs  agitated  with  NH^  CI;  NHi  or  MgO,  SO3,  give 
a  crystalline  precipitate  soluble  in  acetic  and  other  acids. 

5.  Phosphates  or  POa  (the  formBr  upon  the  addition  of  HCl  or  2fOs) 

giTo   a  jrcixuTT  picvipiiaic   rti-.u.  mijij uuavc  \ji  niimmmn.    ±uxs  yi'cmpiuiia 

ifwy  not  form  immediately,  but  will  do  so  upon  standing  for  a  short  time. 
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SILICIC  ACID. 

1.  Silicic  acid  in  powder  dissolves  as  an  alkaline  silicate  when  boiled 
with  excess  of  NaO  or  NaO,  COt .  «»"»o«ie  wnen  oouea 

a.  Silicates  in  solution  are  decomposed  by  many  acids  m  nn  .«^  ♦!.- 

SiOz  remains  as  a  white  insoluble  gritty  powder.  annydrous 

BORACIC  ACID. 

1.  Borates  in  concentrated  solution  are  decomposed  by  SO,  the  hn«LHA 
acd  crystallizing  in  plates  when  the  solution  cools  ^ 

2.  Boracic  acid  imparts  a  greon  color  to  the  flame  of  alcohol     If  a  bo, 
Jte  is  employed,  the  addition  of  ^0,  is  necessary  in  order  tS  set  ^  thj 

Jnurr'"  *"'S  ''''*'  """^  ""^  *^^*^^  "P°"  *«™eric  paper;  I.e.,  turns  it 

mtdX^'^ytirrpir'^^^^^"^^^ 

POTASSIUM.  (Solution  for  reactions,  KCl  in  water  ) 
2"  t!S  ^y/**""  pure  tinge  the  flame  of  the  blowpipe  violet, 

8.  Salts  of  JSTin  rather  concentrated  solution  give,  when  airitated  with 

SODIUM.  (Solution  for  reactions,  JVaC?  in  water ) 
2'  tfu.  nlZ""  "°««  *»»«  ^;:>^Jpe  flame  yellow.    (Only  reliable  test.) 

obLntrt  h^^*""'  *'i  '°^"^^''  "^''"P* *^«  »«id  metantimoniate.  which  is 
obtained  by  adding  a  freshly  prepared  solution  of  metantimoniate  of  no, 

^t  mucru^er  "^ ''' '-''  '-''•  '"^  ^«*  ^  ^"««^*  Of  apXi°,'ri 

CALCIUM.  (Solution  for  reactions,  CaCl  in  water.) 

h.V.;ln/f>,^  """'"'n?^  ^*'°'  of  a  blowpipe  red.    If  a  trace  of  soda 
be  present,  the  flame  will  be  colored  orange 

ablyfntndLl'r"'"''""^^'^^^^^  the  blowpipe  become  remark- 
3  Salts  of  Ca  in  concentrated  solution  are  not  precipitated  by  CaO,SO» 
but  are  partially  precipitated  by  dilute  ^03  or  by  solution  of  KOSO, 

2'JIT''  "^^.  f"^/""^  ''  '''''''''  ^"  ^  P»^*«  o^^^tor;  tbe  solution 

ri"o%n'''^'^.^,«^°'''^***°^"°^«  "P°"  ^^^'^•"o^  of  oxalic  acid,  and 
of  .800,5^03  on  addition  of  Baa. 

4.  Salts  of  Ca  are  precipitated  by  solution  of  C»  O,  or  of  isru.  n  n^  n. 

xneprecipitated  CaO,C,0,  is  soluble  in  BCl,  but  |s  ipsoluWiiJacetip 
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6,  Salts  of  Ca  are  precipitated  by  solution  of  ferrooyanide  of  potassium 
as  a  double  ferrooyanide  of  if  and  CI,  which  requires  800  of  cold  water  to 
dissolve  it.    It  is  insoluble  in  HCl. 

6.  Salts  of  Ca  are  not  precipitated  by  chromic  or  hydrofluosilicic  aoidi 
or  by  solution  of  hyposulphite  of  soda. 

STRONTIUM.  (Solution  for  reactions,  8rO,N06  in  water.) 

1.  Salts  of  Sr  tinge  the  flame  of  a  blowpipe  a  fine  crimson ;  easily  distin- 
guished from  the  red  or  orange  red  of  calcium  salts. 

2.  Salts  of  Sr  are  not  precipitated  by  chromic  or  hydrofluosilicic  acid* 
or  by  hyposulphite  of  soda. 

8.  Salts  of  ^r  are  precipitated  by  sulphuric  acid  or  by  soluble  sulphates, 
The  sulphate  of  strontia  is  soluble  in  6900  cold  or  in  9650  boiling  water;  ia 
pot  soluble  in  nitric  acid. 

BARIUM.  (Solution  for  reactions,  BaCl  in  water.)' 

1.  Salts  of  Ba  impart  a  yellowish-green  tinge  to  the  blowpipe  flame. 

2.  Salts  of  ^a  give  a  white  precipitate  with  dilute  SO3,  or  with  solution 
of  CaO,S03 .  The  precipitate  requires  43,000  parts  of  water  to  dissolve  it, 
and  is  no  more  soluble  in  acids  or  in  solutions  of  NaCl  or  NH^Cl. 

8.  Salts  of  5a  give  with  chromate  of  potassa  a  pale  yellow  precipitate, 
insoluble  in  water  but  soluble  in  most  acids. 

4.  Salts  of  barium  are  precipitated  by  solutions  of  the  carbonates,  oxa- 
lates,  and  phosphates. 

5.  Salts  of  barium  forma  white  gelatinous  precipi^te  with  hydrofluo* 
lilicic  acid,  soluble  in  3800  of  water,  but  insoluble  in  alcohol. 

5.  Salts  of  barium  are  precipitated  by  hyposulphite  of  soda. 

MAGNESIUM.  (Solution  for  reactions,  MgCl  in  water.) 

1.  Salts  of  Mg  are  not  precipitated  by  solutions  of  sulphates  or  chro« 
mates. 

2.  Salts  of  Mg  give  a  precipitate  when  boiled  with  ferrooyanide  of  po- 
tassium, the  precipitate  being  insoluble  in  NHiCl  but  soluble  in  HCl. 

8.  Salts  of  Jlffl- are  precipitated  hy  KO,CO 2,  the  precipitate  being  sol- 
uble  in  solutions  of  salts  of  ammonia. 

4.  Salts  ofilf;7  give  a  white  crystalline  precipitate  vrith  soluble  phosphates 
on  addition  of  a  littie  Nff. 

ALUMINUM.  (Solution  for  reactions,  .4^2  CZa  in  water.) 

1.  Salts  of  Al  give  with  caustic  KO  a  white  precipitate  soluble  in  excess 
of  the  alkali. 

2.  Salts  of  Al  give  with  JVTffs  a  white  precipitate,  nearly  insoluble  in 
excess  of  the  precipitant. 

3.  Salts  of  Al  do  not  color  the  blowpipe  flame;  but  when  intensely 
hsat-sd  before  the  blowpipe,  after  uavlug  been  zuoistened  with  nitrate  qi 
cobalt,  they  acquire  a  fine  blue  color. 
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21NC.  (Solution  for  reactions,  ZnO,SOi  in  water.) 

1.  Salts  of  Zn  heated  on  charcoal  with  carbonate  of  soda  are  reduced 
the  zinc  volatilizing  and  producing  an  incrustation  m  the  charcoal  which 
IS  yellow  while  hot,  but  white  when  cold.    The  oxide  moistened  with 
a  solution  of  nitrate  of  cobalt  and  strongly  heated  in  the  oxidizing  flame 
becomes  green. 

2.  Salts  of  Zn  with  NH^  or  KO,  give  a  white  precipitate  of  hydrate  of 
Xn  easily  soluble  in  excess  of  the  alkali. 

8.  Salts  of  Zn,  in  alkaline  solution,  are  precipitated  white  hyNms  •  but 
not  by  the  chloride.  (Zinc  is  the  only  metal  which  forms  a  white' sul- 
phide.) 

NICKEL.  (Solution  for  reactions,  NiO,SOi  in  water.) 
1.  Salts  of  m,  fused  with  a  borax  bead  in  the  mter  or  oxidizing  flame 
of  the  blowpipe  yield  a  yellowish  red  color,  but  in  the  inner  or  reducing 
flame  the  bead  becomes  opaque  and  grey.    The  addition  of  a  small  quan- 
tity  ot  nitre  changes  the  color  to  a  reddish  purple 

2  Saltsof  jyr<  with  caustic  Jro,give  a  pale  apple-green  precipitate  of 
hydrate,  insoluble  in  excess.    Ammonia  gives  a  similar  precipitate  which 
is  readily  soluble  in  excess,  forming  a  purplish-blue  solution 
J  Salts  of  ^i,  yfit^  JSH.S.  give  a  black  precipitate,  nearly  insoluble  in 
HCl,  but  readily  soluble  in  addition  otNOa . 

4.  Salts  of  m,  with  cyanide  of  K,  give  gr^n  precipitate,  soluble  in  ex- 
cess of  the  precipitant,  forming  a  deep  amber-colored  solution;  the  cyanide 
of  nickel  being  reprecipitated  by  addition  of  HCl  or  of  SO3 . 

5.  Salts  of  m  are  precipitated  green  by  ferricyanide  of  JP,  and  reddish- 
brown  by  ferricyanide  of  JT. 

COBALT.  (Solution  for  reactions,  CoO,NOs  in  water.) 

1.  Salts  of  Co,  fused  with  a  borax  bead,  give  a  fine  blue  glass,  either  in 
the  outer  or  the  inner  flame  of  the  blowpipe. 

2.  Salts  of  Co,  with  caustic  JTO,  give  a  blue  precipitate,  which  turns  green 
on  exposure,  and  becomes  red  when  boiled. 

8.  Salts  of  Co  give,  with  NH^,,  a  blue  precipitate,  which  slowly  dissolves 
in  excess,  forming  a  reddish- broWn  solution. 

•oluwf  S  %a  ^'^*  *  ^^""^  precipitate  with  NH^S,  the  solution  sparingly 

COPPER.  (Solution  for  reactions,  CuO,SO%  In  water.) 
1.  Salts  of  Ou,  fiised  with  a  borax  bead  in  the  outer  flame  of  the  blow- 
pipe, yield  a  glass  which  is  greenish-blue  when  hot,  but  becomes  blue  when 
eold.  Exposed  to  the  inner  flame  this  glass  either  loses  its  color  or  be- 
comes tinged  with  opaque  red,  according  to  the  quantity  of  copper  which 
is  present.  ^  trv  •^  "ui«u 
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4.  Salts  of  Cm  give,  with  NH3,  «  greenlah-bluo  piwlpitate,  which  In- 
itutly  dissolres  in  excess,  forming  a  splendid  blue  or  purple  solution. 

6.  Salts  of  Cu,  with  terrocyanide  of  K,  give  a  claret-red  precipitate 
Which  is  insoluble  in  acids,  but  readily  soluble  in  Nffa,  and  is  decomposed 
by  KO.    This,  the  most  delicate  test  for  copper,  is  capable  of  detecting 
one  part  of  copper  in  1,000,000  of  water  (Sarzeau). 

6.  Salts  of  Ou,  in  acid  solution,  coat  a  polished  steel  needle  with  metallic 
topper. 

MASTGANESE.  (Solution  for  reactions,  MnO.SOa  in  water.) 

1.  Salts  of  JIfn,  fused  with  a  borax  bead  in  the  outer  blowpipe  flame, 
yield  a  violet  red  glass;  the  color  gradually  fades  in  the  inner  flame,  and 
ultimately  disappears. 

2.  Salts  of  Mn,  on  platinum  wire  with  carbonate  of  soda,  when  heated 
In  the  outer  flame  of  the  blowpipe  give  green  mass  of  manganate  of  soda. 

8.  Salts  of  Jtfn,  with  caustic  A^O  or  with  iVf^a,  give  white  precipitates. 
Insoluble  in  excess,  quickly  becoming  brown. 

4.  Salts  of  Afn,  in  acid  solution,  give  no  precipitate  with ^5^,  but  give  an 
Insoluble  flesh-colored  or  buff  precipitate  with  NH^S.  The  precipitate 
turns  brown  on  exposure,  and  is  insoluble  in  acids. 

IRON.  (Solution  for  reactions  FeO.SOs,  and  FeiCh,  In  water.) 

1.  Salts  of  i^e,  flised  with  a  borax  bead  in  outer  flame  of  blowpipe,  yield 
a  brownish-red  glass,  which  assumes  a  bottle-green  color  in  the  inner  flame. 

2.  Salts  of  FeO  give,  with  caustic  alkalies  and  with  NH3,  nearly  white 
precipitates,  insoluble  in  excess,  which  rapidly  change  in  color  to  greenish 
and  ultimately  reddish-brown. 

8.  Salts  of  FeO  give  a  black  precipitate  with  NHiS.  The  precipitate  is 
Boluble  in  dilute  acids.  BS  gives  no  precipitate  in  aqueous  solutions  oi 
ferrous  salts. 

4.  Salts  of  i^feO,  treated  with  ferrocyanide  of  K,  give  a  bluish-white  pre- 
cipitate which  rapidly  becomes  darker,  forming  Prussian  blue,  Ferri* 
cyanide  of  JSf  gives  a  deep  blu6  precipitate  at  once  with  salts  of  i^'eO. 

5.  Salts  of  FeO,  treated  with  sulphocyanide  of  K,  give  no  precipitate  or 
•hange  of  color  if  the  salt  is  pure.  If  any  Jfe*  O3  be  present,  a  red  color  ii 
at  once  produced. 

6.  Salts  otFe.]  O3,  treated  with  caustic  alkalies  or  attimonia,  give  a  red- 
brown  precipitate  of  hydrated  ses<iuioxide,  insoluble  in  excess. 

7.  Salts  of  FeiOa,  treated  with  US,  gives  a  nearly  white  precipitate  of 
sulphur,  the  Fet  O3  being  reduced  to  ^e 0.  Sulphide  of  ammonium  gives 
a  black  precipitate. 

8.  Salts  of  FeiOs  give  a  blue  precipitate  with  ferrocyanide  of  K,  but 
Ipive  no  precipitate  with  ferrlcyanide  of  JST. 

9.  Salts  of  Fci  O3  strike  a  deep  blood-red  color  with  sulphocyanide  of  JT, 
the  color  disappearing  on  addition  of  Ug  CI. 

LEAD.  (Solution  for  reactions  P60,jyOg  in  water.) 
1.  Salts  of  Pb,  fused  with  NaO,COi  in  the  inner  flame  of  the  blowpipe, 

flame  with  a  yellow  incrustation  of  PbO. 
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3.  Salts  of  Pb  give,  when  treated  with  caustic  alkaliies,  a  white  preclpi' 
tate  insoluble  in  excess. 

8.  Salts  ol  Pb,  with  carbonates  of  KO,NaO,  or  NH4,0,  give  insoluble 
white  precipitates. 

4.  Salts  of  P6,  with  50,,  give  white  precipitate  insoluble  in  NOt 
6.  Salts  of  Pb,  with  NH^S  or  with  HS,  give  black  precipitate. 

6.  SaltH  of  P6,  give  a  bright  yellow  precipitate  with  Kl,  soluble  in  larM 
excess  of  boiling  water. 

7.  Salts  of  Pb,  with  chromate  of  potassa,  give  yellow  precipitate  soluble 
in  potassa. 

TIN.  (Solution  for  reactions  Sna  and  Sna^  in  water.) 
1.  Salts  of  Sn  fiised  on  charcoal  with  cyanide  of  K  in  the  inner  blowpipd 
flame,  give  white  mealleable  globules  of  metallic  tin,  and  a  light  white 
Incrustation. 

.  2.  Salts  of  SnO  treated  with  KO  or  with  NH^  give  white  precipitate 
Joluble  in  excess  of  potassa.  By  boiling  this  concentrated  solution  the  tin 
Is  partly  precipitated  in  metallic  state  and  partly  converted  into  SnOi. 

8.  Salts  of  SnO  in  acid  solution  give  a  black  precipitate  with  NH±S  or 
With  HS, 

4.  Salts  of  SnO  treated  with  Hga  give  white  precipitate  of  Hg%Cl 
Which,  after  time,  if  sufficient  SnCl  be.present,  is  converted  into  a  erey 
precipitate  of  metallic  mercury. 

6.  Salts  otSnOi  treated  with  KO  or  NH^  give  white  precipitate  soluble 
in  excess  of  JiTO. 

6.  Salts  of  SnO.,  treated  with  BS  give  bright  yellow  precipitate  which 
is  nsoluWe  m  dilute  SO^  or  HCl,  but  soluble  in  KO,  alkaline  sulphides,  of 
boiling  HCl.  Both  this  rmd  the  protosulphide  are  converted  by  NO. 
Into  insoluble  binoxide.  ^        ' 

CHKOMIUM.    (Solution  for  reactions  (1)  JSr0,O-03.and  (2)   CnCl^ 

in  water.) 
1.  Salts  of  OO3  are  all  yellow,  red,  or  reddish  brown 

t.rL!?!*!  *!f  ^?l^  '''i'^  '°''**^°'*  ^^  reducible  by  HS,  the  sulphur  beintf 
precipitated  and  the  solution  changing  in  color  fromyellow  orred  to 

3  Salts  of  Cr  O3  are  reduced  to  the  green  sesquichloride  of  chromium 
by  heating  with  HCl  and  alcohol.  cnromium 

fi'  9^11!  nf  ^n  1°  '?''i"°°  """^  precipitated  yellow  by  acetate  of  lead. 

♦h!'  ^f  ^'k/  ^^^'  ^P"*  *°  *  '^®***  ''^  ^^'^^  a»  emerald-green  color  in 
p^peTme  ^  '  ^""^  *  y«"owi«h.green  color  in  the  inner  blow" 

JxJ^T  °^  ^'?u'  ^^""^  ''"^  -^^'  *  «''««°^«h  precipitate  but  slightly 
•oluble  in  excess,  the  resulting  pink  solution  bein*  nrpcinitatfld  hv  hnfii^^ 
8.  Salte  ot  CTsOa  give  with  KO  a  green  precrpitote ''readily  silublo  to 
txcess,  the  resulting  green  solution  being  precipitated  by  boiling. 
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BISMUTH.  (Solution  for  reactions,  iWOj.aJVOa  in  wat«r.) 

1.  Salts  of  Bi  on  charcoal  with  carbonate  of  soda  yield  in  the  reducing 
blowpipe  flame  a  giobule  of  metallic  biamuth,  and  color  the  surrounding 
charcoal  with  an  incrustation  of  yellow  liiOi. 

2.  Halts  of  ^i  treated  with  HiS  give  a  black  precipitate. 

8.  Salts  of  Bi  are  decomposed  by  a  large  excess  of  water,  a  white  basio 
Mdt  being  thrown,  down,  which  is  insoluble  in  water  or  in  tartaric  acid. 

ANTIMONY.   (Solution  for  reactions,  SbClt  in  water  acidulated  with 
MCI,  and  KO.SbOi  in  water.) 

1.  Salts  ofSb  f\i8ed  with  carbonate  of  soda  on  charcoal  In  the  reducing 
flame  yield  a  globule  of  metal  which  is  very  brittle,  and  may  be  easily 
rubbed  down  to  a  black  powder.  If  continued  in  the  flame  the  globule 
volatilizes,  and  the  cli  urcoal  becomes  extensively  coated  with  a  white  in- 
crustation. 

2.  Salts  of  Sb  treated  with  KO  or  NHi  give  a  white  precipitate,  soluble 
In  excess  of  KO. 

8.  Salts  of  Sb  in  neutral  solutions  are  decomposed  by  excess  of  water, 
the  basic  salt  which  is  precipitated  being  scluble  in  tartaric  acid. 

4.  Salts  of  •&'&  treated  with  i^^givean  oiange-red  precipitate  insoluble 
in  dilute  acids,  and  nearly  so  in  NHi  ani  9NH^0,ZC0i  ;  soluble  in  con- 
centrated HCl,  in  KO,  and  in  alkaline  sulphides. 

5.  Salts  of  Sb  in  acid  solutions,  boiled  with  copper  foil,  coat  the  latter 
with  a  grey  deposit  of  metallic  antimony. 

6.  Salts  of  Sb  in  acid  solutions  (not  containing  NO  a )  give  with  metallio 
sine  a  pulverulent  deposit  of  metallic  .antimony. 

7  Salts  of  56  introduced  into  a  mixture  of  zinc  and  dilute  SOi  produce 
an  evolution  of  SbH^  in  w'aioh  the  following' properties  are  to  be  ob< 
served :—   ' 

I.  It  bums  with  a  greenish-blue  flame,  and  evolves  white  Aimes. 
II.  It  imparts  a  black  velvety  spot  to  a  piece  of  white  porcelain  held 

in  the  flame. 
III.  If  passed  through  a  narrow  glass  tube  heated  at  one  spot  to  red* 
.  ness,  it  deposits  a  black  metallio  mirror  immediately  beyond 
the  heated  point. 

8.  Salts  of  SbOs  treated  with  HS  give  no  precipitate  unless  an  excess  of 
HCl  be  present,  in  which  case  an  orange-red  peuta-sulphide  is  precipitated. 
It  behaves  similarly  to  SbSz- 

9.  Salts  ofSbOn  give  no  precipitate  with  KO  or  with  2^1^40,8008. 

ARSENIC.  (Solution  for  reactions,  Aed  and  AsOs  in  water.) 

1.  Salts  of  An  heated  to  redness  on  charcoal  in  reducing  flame  emit  ft 
garlic  odor. 

2  Salts  of  J»  give  no  precipitate  with  KO  or  with  NH3. 

8=  Salt-s  of  AsO:i  in  acid  solutions  treated  with  HS  sive  ft  bright  yellow 
precipitate  which  is  insoluble  in  cold  dilate  acids,  but  soluble  readily  in  hot 
NOsfia.  2NHi  0,8C0t,  in  alkalies  and  in  alkaline  sulphides.   The  dry  8ttl< 
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phid««  •«  obtained  above,  heated  in  a  glass  tuue  with  amixtar«  of  Jtc* 
•od  IfaO.COi,  yields  a  metallic  mirror  of  arsenic. 

4.  Salts  of  A80^  heated  in  a  tube  with  charcoal  and  KaO.COt  yielas  • 
ring  of  metallic  areenio. 

6.  Solution  of  AaOi  gives  no  predpitato  with  AgO,NO^,9«  the  srsenlte 
of  silver  is  held  in  solution  by  the  free  NO , ;  when  iVff ,  la  carefully  a«lded 
•  yellow  precipitate  is  thrown  down,  which  is  easily  soluble  in  excess  of 
either  NO.-i  or  Nfli.  (Hume's  tost.) 

6.  Solutions  of  ^«0:;  with  CuO.SO^  and  NH^  In  the  same  way  gives  a 
yellowish  green  precipitate,  soluble  readily  in  NHs  or  any  acid.  (Scheele's 
test.) 

7.  Solution  of  AsO:,  mixed  with  large  excess  of  concentrated  solution 
of  KO,  and  boiled  with  granulated  zinc,  evolves  AsHa,  which  may  be  re- 
cognised by  allowing  it  to  pass  on  apiece  of  fllter-paper  spotted  over  with 
solution  of  AgO.NO  ,  when,  if  arsenic  be  present,  the  spots  assume  a  pur- 
plieh  black  color.    (Fleitmann's  test ) 

8.  Arsenic  in  hydrooh'orio  solution,  boiled  with  clean  copper,  coats  the 
latter  with  a  steel-grey  film  of  metallic  arsenic.  (Keiusch's  test.) 

9.  Arsenic  introduced  into  a  mixture  of  Zn  and  SOi  evolves  Asffst 
which  exhibits  the  following  properties :— (Marsh's  test.) 

I.  It  burns  with  a  light  blue  flume,  and  evolves  dense  white  fumes. 
II.  It  gives  a  dark  spot  similar  to  that  produced  by  Sbffu 
III    It  gives  a  metallic  mirror  In  a  narrow  glass  tube  under  the  same 
circumstances  as  already  describod  in  the  ca^e  of  antimony,  but  the 
mirror  is  rather  more  i emote  from  the  most  heated  part. 
Note.— The  arsenic  spot  is  distinguished  from  that  of  antimony  by  the 
following  characters: 
I.  Hypochlorite  of  soda  in  solution  dropped  on  the  arsenic  spot  dis- 
solves  it,  but  doi  s  not  act  upon  the  spot  of  antimony. 
A  drop  of  solution  of  iodate  of  potassa  acts  in  a  Mmilar  manner. 
A  drop  of  yOii  is  placed  on  the  spot  and  carefully  evaporated  to  dry- 
ness; afterwards  a  drop  of  solution  of  ^jrO.iVOa  is  placed  on  it, 
when  if  the  spot  were  arsenic  there  is  produced  a  brick-rod  colora- 
tion of  arsenate  of  silver,  but  if  it  were  antimony  no  change  of 
color  is  noticeable. 
The  arsenic  mirror  is  distinguished  from  that  of  antimony  by  the  fol- 
lowing means : 

IV.  The  tube  containing  the  mirror  is  heated.    If  arsenical,  a  garlic  odoif 
is  perceptible;  if  antimony,  there  is  no  odor. 

V.  The  crystals  of  oxide  which  are  produced  by  heating  the  mirror  and 

which  are  deposited  on  the  sides  of  the  tube,  are  examined  by 
a  microscope.  AsOi  crystallizes  in  octohedra,  Sb0.i  generally  in 
elongated  prisms,  but  sometimes  in  octohedra. 

VI.  The  crystals  are  dissolved  in  a  small  quantity  of  water,  and  Hume's 

or  Scheele's  test  applied. 
VJI.  The  mirror  is  treated  in  the  same  manner  as  is  described  in  III  for 
th«  spots. 

I 


II 
III 
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tin.  Tho  tube  containing  tho  mirror  In  sealed  bolow  and  plunged  into  ad 
oll-bathgtatompoiatureof  aboutSOOT,  Ifarseulc.lt  1»  volfctll- 
laod;  but  If  antimony,  It  remalnHunchatigod, 

XX.  Tho  tub«  l»  Rently  heated,  and  dry  f/S  pai-sed  through  It,  when  If  the 
mirror  be  arHenIc  It  turns  yollow.  If  antimony  it  turns  orange  red. 
A  stream  of  gaseous  HCl  is  now  passed  throuRli  tho  tube,  when  if 
sulphide  of  arsenic  it  remains  unaltered,  but  if  It  be  sulphide  of 
antimony  it  disappears. 

10.  Arsenic  acid  may  be  detected  by  tho  foregoing  roduction-test  (4), 
Beinsch'B  test  (6)  and  Marsh's  test  (9).  ^'' 

11.  Arsenic  acid  treated  with  nsdooa  not  give  a  prooipltato  except  in 
acid  solutions  and  then  not  readily.  It  is  commonly  reduced  to  AaO.  by 
the  action  of  SO^  and  then  precipitated  as  AsS.f. 

12.  Arsenic  acid  gives  a  brick-red  precipitate  of  arsenic  of  silver  when 
treated  with  AgO,NOi.  This  precipitate  is  readily  soluble  In  NOn  and 
if  Mi, 

SILVER.  (Solution  for  reactions,  AgO.NOn  in  water.) 

1.  Salts  of  Ag  heated  on  charcoal  with  NaO.COt  give  a  globule  of  white 
malleable  metal  without  any  incrustation  on  tho  charcoal 

2.  Salts  of  Ag  give  with  KO  or  with  NH,  a  brown  precipitate  Insoluble 
In  A-O,  but  readily  soluble  in  iViy;,. 

8.  Salts  ot  Ag  treated  with  HCl  give  a  white  precipitate  of  AgCL  which 
Incomes  violet  when  exposed  to  the  light.  It  Is  soluble  in  NHx  but 
insoluble  in  water  and  In  NO:^ .  f      " 

4.  Salts  of  Ag  treated  with  HS  give  a  black  precipitate  soluble  In  boillnjr 
A^Oa— with  deposition  of  sulphur. 

GOLD,  (Solution  for  reactions,  Am  Ch  in  water.) 

1.  Salts  of  gold  in  concentrated  soluUon  give  reddish-yellow  precipitate 
'^litnKOoT  NH.i. 

_2.  Salts  of  ^t*  with  jy^glvea  black  precipitate  Insoluble  in  SO i,  in 
HCl,  and  In  NO^ ,  but  soluble  in  a  mixture  of  NO   and  HCl 

8.  Salts  of  Au  boiled  with  C,0,  give  a  precipitation  of  brilliant 
taetallio  gold  on  the  sides  ot  the  test-tube. 

J\  Sft^of/"  treated  with  FeO,SO,  give  a  fine  brown  precipitate  of 
metallic  gold.    Ihe  supernatant  liquid  has  a  blue  color. 

Jlu®o*'!^.°^'^"  give  a  purple-red  precipitate  or  coloration  when  treated 
with  SnCl  containing  a  trace  of  SnClz, 

PLATINUM.  (Solution  for  reactions,  PtCh  in  water.) 

irJ^/^f**  !!.?**i"""  *°  ™*^®'"  concentrated  solution  acidulated  with 
HCl  give  with  KO  or  NH^  a  yellow  crystalline  precipitate  soluble  in 
oxcess. 

2.  Salts  of  Pt  with  SnCl  give  a  deep  red-brown  coloration. 
8.  Salts  of  P<  with  JST/glve  a  nearly  black  coloration. 
MERCURY.  (Solution  for  reactions,  Hg  2  0,m, ,  and  BgCl,  in  water). 

ai^  l^^n'n^"'^!''^^  ^^""^^^ '"  ^  «^«''  *"^«  ^"^  twelve  «mes  its  weight  of 
saj  j(au,C0i  yields  a  grey  ring  of  minute  globules  of  metallic  mercury. 
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the  mlnate  globules  may  bo  made  to  run  together  Into  larger  ones  by 
rubbing  tliom  with  a  glass  rod. 

2  Salts  of  IfgfO  treated  with  KO  or  yilj  give  biaok  preoipitates,  In- 
soluble  in  excest . 

8.  Salts  of  Hffi  O  treated  with  ffCi  give  a  white  or  slightly  yellow  pre- 
cipitate otHgtCl,  which  is  Insoluble  in  water  and  in  cold  ua  and  NO^  ; 
blackened  by  A^/f:,. 

1  SalU  of  //;57«0  treated  with  HS  giro  a  black  precipitate  insoluble  in 
.YH4S  and  inconceutratod-yOa,  but  soluble  in  KS  with  separation  of 
metallio  mercury. 

6.  Salts  of  ftgO  with  Xo  give  a  precipitate  which  passes  from  brown  to 
bright  yellow  as  the  quantity  of  ATO  is  increased. 

6.  Salts  of  IfgO  give  a  white  precipitate  when  treated  with  iV^a  or  with 
%NHiO,8COi. 

7.  Salts  of  HgO  treated  with  A"/ give  a  brilliant  scarlet  precipitate,  solu- 
Dle  in  excess. 

8.  Salts  oTHgO  in  solutions  acidulated  with  HCl  give  a  brilliant  coating 
of  metallic  mercury  to  clean  copper  foil  Immersed  in  the  solution. 

9.  Salts  of  Hgo  treated  with  SnCl  give  a  white  precipitate  which  passes 
into  grey  on  adding  an  excess  of  the  reagent. 

10.  Salts  of  llgO  treated  with  ^fif  give  a  precipitate  which  passes  from 
white  to  yellow.and  becomes  successively  orange,  brownish-red,  and  flAlly 
black,  as  an  excess  of  the  reagent  is  added.  The  ffgS  which  is  precipl- 
tated  is  Insoluble  In  JiOn  and  ^^^4^,  but  is  soluble  In  nltro-muriatlo  add 
And  iu  Jiffs'. 
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APPENDIX   I. 


In  reading  continental  and  certain  English  works  on  Chemistry,  the 
Junior  student  is  apt  to  bo  somewhat  confused  by  the  notation  adopted, 
in  consequence  of  the  fact  that  many  chemists  employ  the  atomic 
weights  of  Gerhardt.  In  this  system  the  chemical  equivalents  of  oxygen, 
•ulphur,  selenium,  tellurium,  and  carbon,  are  doubled;  the  others  being 
the  same  as  those  commonly  employed.  Moreover,  adopting  the  binary 
theory  of  compounds  in  the  most  extended  sense  of  the  term,  it  is  assumed 
that  radicals  are  not  truly  represented  as  regards  tlieir  molecular  arrange- 
ment when  written  as  VI,  or  Cy,  or  H,  their  constitution  being  in  reality 
that  of  a  true  salt  or  binary  compound.  Hence  the  body  commonly  called 
chlorine  is  regarded  as  chloride  of  chlorine,  and  is  written  ClCl;  that  called 
cyanogen  is  in  fiict  cyanide  of  cyanogen,  and  is  written  CyCy ;  similarly 
hydrogen  is  HH;  oxygen  00;  sulphur  SS;  &c.  It  appears  from  this  that 
double  decompositions  are  much  more  frequently  met  with  than  was  ibr- 
merly  supposed.  Thus,  when  oxygen  combines  with  hydrogen  to  form 
water,  the  reacitiou  is  expressed  as  follows  :— 

HH-{-00  =  HO  +  HO. 

Many  arguments  are  advanced  in  favor  of  this  theory,  one  of  the  strong- 
est being  that  it,  in  a  manner,  explains  why  the  affinities  of  bodies  are  so 
much  exalted  by  the  nascent  state,  as  it  is  very  forcibly  urged  that  since 
the  radical  has  not  yet  u  .lited  with  itself  to  form  a  twin  atom,  its  combining 
tendency  is  therefore  still  wholly  unsatisfied. 


^■1 

The  following  examples  of  this  notation  will  render 
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KOCIO 

^^^H 

KCl 

Ka 

HS 

^^Hj 

HO,NOs 

HNO^ 

KS 

^^^B 

CiNorCif 

CNCNov  CyCy 

BO.SOa 

^^^B 

KCy 

KCy 

KO,SOi-\-HO, 

^^^H 

KO.CyO 

KCyO 

K0,S03 

^^H                             KOyS-i 

KCyS 

NHi 
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BH 

PBi 

^^B 

BiO 

ZH0,P0s 

^^H 
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1 

KQ 

these  points  plain : 

Gerhardt'a 
notation. 

ChO 

KCIO 

BiS 

KiS 

BiSOi. 

,S0      KHSOa 
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APPENDIX    II. 

tJft^^^fZ  *'  °'**"  ''°"'^''*  ^^  h^glnxior,  in  Chemiaf ry  as  to  the  i.atat« 
mtT.  '  ^^V^rfiim  required  for  such  simple  ex7erimenras  the^ 
*m  hJ"?  "'?f  "'^  '"'■  '^'  '"»«t^^«ons  of  the  subject.  Sbllow'n  J  list 
in  mLVr  t  :  Z^  Z  X/:r '^  r^  ^  ^-^  it  mullTer  n1 
apparatus  for  himLlf  Th„  !  i"gen«»ty,  can  make  very  much  of  the 
t.uL     Cl  infZnr.        .'°'*  *'  «'^«"  ""'  "^^--Jy  ^  it  could  be  a^cer- 

ought  to  be  in  evervstnrtr  H  ^'j'"*'^"^  ^'^'«/^«^a«c»»«.  a  book  which 
•bout  $4-50  ^        '"'  '  ^*"'^''  """^  ^^'^^^  «^°  be  Lad  at  a  cost  of 

LIST  OP  APPARATUS. 

A  Spirit  Lamp, 

Retort  Stand ''°**  say.SO.BO 

2  doz.  assorted  Test  Tubes, "       ^-^ 

A  tb w  Florence  Flasks  or  small  Reiorts;.".'.*. 'Z "       !!        \Z 

A  tew  Porcelain  Dishes  and  Capsules,. .  ,.       ^'^ 

AFew  Watch  Glasses,....  

A  Test  Tube  Stand, \ ' 

Wire  Triangles  to  support' crucibles.'.'. V.V.V. '.'.'.'.'.; ?  Can  be  made 

Wire  Rings  covered  with  cloth  to  support  hot  retorts' "  V^  ^^^  Student 

2  ih,  n  ""n  ;°,  "^  ''°"^''  '^^^  ^«  "»^«^''  «"*  of  a  pail.         ' '  '^ 
2  lbs.  Quill  Glass  Tubing,. 

2  lbs.  large  tflass  Tubing,....,''."*'*"]' •••cost say, $1.00 


1.00 
0.60 


1  gross  Corks, 

Several  pieces  Vulcanized' in'di'a  R'ubbe^T'ubi'ng  ' 

1  Nest  Hessian  Crucibles ^' ' 

A  fevf  Beakers  or  ordinary  Tumblers  . 

A  four  1>i.n»:«:x^i.* -r  '' 


A  few  Precipitating  Jars  or  ordinary  Wine  Glasses 

a  pmt  2  quart,  and  2  half-galion  wide-mouth  GJaJs'j'arV 

with  ground-glass  stoppers,  for  collecting  gases  ' 

OQuart  Bottles  with  ground-glass stoppers,^r::;d's' and 

?f°*  d'«-     do.' d;; i,- 

Idoz  two  oz.  wide-mouthed  bottles,  with  corks,.  ' 

adoz.  fouroz.       do.  do.  do        

•  doz.e;ghtoa.       do.  do.  do]      ] 

'•  Reagbnts,  &c, 

1  lb.  Black  Oxide  of  Manganese,. 

i lb.  Chlorate  of  Potassa, .'..'* 

1  oz.  Phosphorus,  and  bottle. 

i  ib.  urimstone, ' 

>  lbs.  Sulphario  Add, 


0.76 
0.40 
0.7S 
0.20 
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J  lbs.  Nitric  Acid costsiy.^O.^d 

2  Iba.  Hydrochloric  Acid, "  0-20 

2IbB.  Ammonia "  0-80 

lib.  Zinc  Clippings "  0.10 

4  oz.  Oxalic  Acid "   i   015 

4oz.  Sulphate  of  Magnesia, ; "  008 

ioz.  Litmus, "  0.05 

ioz.  Iodine, "  0.25 

i  oz.  Nitrate  of  Silver  (crystallized), "  1-00 

loz.  Baryta "  0.10 

8  oz.  Chloride  Ammonium, "  0.20 

4  oz.  Carbonate  Potash, • "  0.10 

8  oz.  Carbonate  Soda, "  0.16 

Fragments  of  Marble,  or  Chalk 

4  oz.  Acetate  Lead, "  0.20 

4  oz.  Bichromate  Potassa,    "  0.16 

4  oz.  Ferrocyanide  of  Potassium, •  •  "  0.20 

1  oa.  Indigo, ... , "  0.10 

I  lb.  Copper  clippings, • . .  •  •  "  0.05 

4oz.Nitrate  Potassa, "  0.10 

1  oz.  Iodide  Potassium, "  0.40 

1  oz.  Corrosive  Sublimate, "  0.10 

lib.  Metallic  Mercury, "  100 

4oz.  Sulphate  Iron, "  0.06 

A  little  Lime, "  •  ••  • 

2  oz.  Tartaric  Acid, "  0.10 

1  oz.  Caustic  Potash, "  0.10 

2  oz  Caustic  Soda, "  0.10 

2  oz.  Chloride  Barium, "  0.16 

2oz.Borax, "  0.10 

4oz.  Alum, "  0.05 

4oz.  Sulphate  Copper, "  .0.05 

i  lb.  fluid  Acetic  ACid,  and  Bottle "  0.20 

iK*l-  Alcohol "  0,25 

lib.  Ether "  0.26 


appendix:  lii. 

LIST  OF  WORKS  ON  CHEMISTRl^. 

1.  t'owne's  Chemistry  for  Students,  pp.  655. 

2.  Gregory's  Hand-Book  of  Inorganic  Chemistry,  pp.  S55. 
8.  Gregory's  Hand-Book  of  Organic  Chemistry,  pp.  585. 

4.  Graham's  Elements  and  Applications  of  Inorganic  Chemistry^ pp.  861 
•.Abel  &  Bioxham'8  Hand-Book  of  Chemistry,— Theoretieai,  iTaoriciii 
And  Tsohnical,  pp.  681. 
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7  wm?r*^  &  Chufch^a  Manual  of  Qualitative  Analysis,  pp.  423. 
7.  Williams' Chemical  Manipulations,  pp.  580.  '     '  ^^  ^^• 

».  Of  to  on  the  Detection  of  Poisons,  pp.  178. 
y.  rarnell'8  Chemical  Analysis,  pp.  520. 

10.  Fresenin's  Analytical  Chemistry,  2  vols.,  pp.  9d0. 

11.  Odling's  Course  of  Practical  Chemisti-y. 

12.  Noad's  Chemical  Manipulations,  pp.  367. 

13.  Bowman's  Practical  Chemistry,  pp.  303 

14.  I;ehman'8  Physiological  Chemistry,  2  vols.,  pp.  1196. 

15.  Bowman's  Medical  Chemistry,  pp.  288. 

16.  Knapp's  Chemical  Technology,  pp.  936 

17.  Kane's  Elements  of  Chemistry,  pp.  704.' 

18.  Solly's  Sj-llabus  of  Chemistry,  pp.  198. 

19.  Leibig's  Animal  Chemistry,  pp.  173. 

20.  Leibig's  Agricultural  Chemistry,  pp.  400 

21.  Johnston's  Lectures  on  Agricultural  Chemistry,  pp.  707. 

The  general  student  will  be  best  served  by  Nos.  1,  3,  4,  5,  6,  7,  and  16 
of  the  above-named  works. 


THE  END. 
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